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Ir has often been observed by chemists that a drop of colored 
liquid falling from a burette into a liquid of a different specific 
gravity, in which it can diffuse, assumes the form of a ring. 
Vortex motion, by the researches of Helmholtz, Thomson, Ran- 
kine, and iecwel, is now attracting so’much attention, that I _ 
have thought that a study of the general equations of motion 
of matter in connection with a study of these rings would con- 
tribute to our knowledge of vortex movement. 

Prof. W. B. Rogers published in this Journal, xxvi, 1858, a 
paper on smoke rings and liquid rings, and described several 
methods of studying them. In Froleaer Tait’s “ Recent Ad- 
vances in Physical Science,” a method of forming smoke rings 
is given. The apparatus consists merely of a large box closed 
at one end by a thin sheet of india rubber, or with a tightly 
stretched towel, and having a circular opening of six or eight 
inches in diameter at the other. Clouds of sal-ammoniac vapor 
are neues inside the box, and rings are expelled from the 
circular opening by a blow upon the rubber or towel. Sir 
William Thomson suggests that two such boxes placed so that 
the rings may impinge on each other at any angle would forma 
useful apparatus for studying the behavigr of such rings toward 
each other. At the conclusion of this paper, several methods 
of studying liquid rings will be described. When a drop of 
liquid falls from a short distance into a liquid of less density, 
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in which it cannot diffuse, the conditions of its motion just after 

the instant of its striking the surface of the liquid of less densit 

are indicated by the general equations of heterogeneous strains. 

“For each particle we have the component velocities wu, v, w, 
arallel to the fixed axes OX, OY, OZ. These have the fol- 
owing expressions : 

_ af _ dy, 

Kq. (1): u= w= 


x, y, 2, ¢ being independent variables, and a, 6, y, functions of 


- them. If the disturbed condition is so related to the initial 


condition that every portion of the body can pass from its initial 
to its disturbed position and strain, by a translation and a strain 
without rotation,—i. e., if the three principal axes of the strain 
at any point are lines of the substance which retain their paral- 
lelism,—we must have— 
_ _ dy dy __ da da_ dp. 
de de? dy de? 

and, if these equations are fulfilled, the strain is now rotational, 
as specified.” But these equations express that adx+ fdy+ ydz, 
is the differential of a function of three independent variables ; 
and therefore, in order that there may be no rotation, a strain 
potential must exist. The forces which solicit the particles of 
the drop when it rests upon the liquid of less density in which 
it cannot diffuse are evidently their mutual attraction, a force 
arising from the superficial tension of the liquid, and one aris- 
ing from gravitation. It is evident, from a consideration of 
these forces, that, after the drop has suffered a strain at the 
surface, every portion of the drop cannot pass from its initial 
position to the next following by a translation and a strain 
without rotation. For the drop tends to return from a shape 
approaching an oblate spheroid to that of a sphere. Equations 
(2) do not hold, and a strain potential does not exist, and there- 
fore this drop must rotate. This rotation is not in general of 
the ring form. If, on the other hand, the drop of liquid can 
diffuse itself in the liquid through which it falls, each particle 
with the velocity u, v, w, is solicited at the moment of impact 
by a superficial tension, by the force of gravitation, and by a 
force arising from the rate of diffusion. In this case, there is 
no tendency of the body to reassume the spheroidal or spheroid 
form in its passage through the liquid. On the other hand, to 
assume that each particle in the next state of the drop very near 
that which it assumes on striking the free surface of the liquid 
of less density, is translated without rotation, is to assume that 
each particle is compelled to move in restrained limits which 
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do not exist. For the components X’, Y', Z', of the attraction, 
which tend to make the non-diffusible drop reassume its spher- 
ical form, we have in the case of the diffusible the components 
X, Y, Z, of an external force arising from the superficial tension 
of the liquid, and the impulse given to the drop. 

If we follow the notation of Poisson* and Helmholtz,t we shall 
have for the general equations of internal motion of a liquid: 


du du du 


dw 
+ "dy 


dh , dh. dh 

du 

+ dy (5) 


In which p is the pressure in a liquid at the point a, y, z: 
X, Y, Z, are the components of the external forces acting on a 
unit of mass; and / is the density. When the variation of A 
is infinitely small, we have Kq. (5). The forces X, Y, Z, are 
considered to have a potential +. So that 


dV dV dV 


L=73 Kq. (6) 


and the velocities u, v, w, a velocity potential ® So that 


(7) 
or udx + vdy + wdz= dq, 
and @ satisfying the equation 
da’ 
which is what — (5) becomes under the conditions ex- 
pressed above. e must therefore have 
du dv dw dw du 
equations similar to the equations expressing a strain potential. 
elmholtz has shown that in the case of rotation of a fluid ele- 
ment, Eqs. (8) become 
* Traité de Mechanique. + Crelle’s Journ., lv, 1858. 


Pp 
=° 


du 
l1dp_ dv dv du du 
ldp_ | 


Eq. 9. 


and therefore “the existence of a velocity potential is inconsis- 
tent with the existence of rotation of the fluid element.” We 
have seen from the equation of strain that the existence of a 
strain potential is inconsistent with the rotation of a material 
article. Let us now see if vortex movement can arise in a 
iquid from variation of density and pressure. Following Helm- 
holtz’s notation, we have, if 7 is a function of a, y, z, ¢, 

6 di d d di 

Calling &, y, 6, the components of the angular velocity, we can 
obtain their variations by substituting them in succession in 
Hq. (10). If we eliminate X, Y, Z, from Eqs. (8) by the help 
of Eqs. (6), supposing that A and p are functions of a, y, 2, t, we 
obtain, introducing the values of &, y, 2, from Kgs. (9): 


dv di 1 /dh dp dhdp 


w dv dw 


and similar expressions for the variations of y and é. If the 
variation of h is infinitely small, we obtain by the aid of Eq. (5): 


0& du dv dw 


If it is not infinitely small, we have the term 


1 (dh dp _ dh 
on ae dy dy dz 

which is independent of &, y, @, and depends upon the varia- 
tion of h and p. This term enters into the expressions for the 
variations in the angular velocities; and shows, therefore, that 
a vortex movement can arise in a process of diffusion by a 
variation in density and pressure, without the aid of initial 
angular velocities. This condition can be shown experiment- 
ally by dropping a somewhat dense solution of one of the aniline 
colors into a mixture of glycerine and water. The original 
ring, after ceasing to move downward in the mixture, breaks 
up gradually into segments, which slowly in their turn assume 
the ring form. A mixture of water and glycerine is not neces- 
sary: peculiar cusp-like figures indicating the first stage of vor- 
tical movement can be seen whenever a thin stratum of one 
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liquid slowly diffuses itself through another liquid of different 
density. 
By a consideration of the equations— 


+ (u, — ujdt = (é 
by 
ey + (v, — v)dt= (y +574) 


(w, —w)dt = (2 


given by Helmholtz, from which he draws the conclusion that 
“each vortex line remains continually composed of the same 
elements of fluid, and swims forward with them in the fluid,” 
we see, on introducing the new expressions which we have 


found for ad &c., Eq. (11), that we approach nearer and nearer 


to this theoretical conclusion when the variations of h are 
smaller and smaller. Obviously, we should then obtain the 
most perfect rings when the drop and the liquid in which the 
motion takes place are composed of the same liquid. And, 
therefore, a drop of water falling into water must form a more per- 
fect ring than that formed by a drop of any colored liquid of greater 
density than water. 

The formation of these liquid rings is as fascinating and as 
simple an occupation as blowing soap-bubbles. All liquids 
falling from such a height that the surface of the liquid is not 
too much disturbed to enable the drop to be acted upon sym- 
metrically by the forces at the free surface will form rings, if 
too great differences of density do not exist, and if the drop can 
diffuse in the liquid. The preceding mathematical discussion, 
as we have seen, shows us that a drop of pure water on striking 
the same element under the above conditions must necessarily 
assume the ring shape. This can be shown experimentally by 
covering the free surface of the water with a fine powder, or 
with matter in a fine state of subdivision. I have found that 
an alcoholic tincture of ginger, which gives on the surface of 
water a milky liquid consisting of particles in a fine state of 
subdivision, answers the purpose very well. Fine particles will 
be carried down by the drop, and will be seen to rotate in a vor- 
tex ring far below the surface. This fact can be stated, also, by 
the employment of any of the aniline colors which are solvent 
in water, the falling drop consisting of a colored solution, whose 
specific gravity does not differ sensibly from that of water. The 
method that I have employed to produce the rings consists 
merely of a small glass tube, slightly smaller at one end than 
the other. A bit of cotton is wedged in nearer the larger end, 
over which a piece of fiexible rubber tubing is slipped. With 
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the aid of the mouth, one can fill this tube with liquid and 
eject it in drops at pleasure. The same apparatus enables us 
to form the rings beneath the surface of the liquid. With a 
tube bent horizontally, one can send the rings through a liquid 
in any desired direction; and, by means of a three-way glass 
joint and a small india-rubber bag, one can send forth, by the 
same impulse, two rings whose paths make any desired angle 
with each other. By partly immersing the glass tubes connected 
with the three-way tube in the free surface of the liquid, and 
covering the surface of the water with fine powder, one can stud 

the mutual behavior of half vortex rings. A simpler method is 
to illuminate, by means of a gas-light, the bottom of a flat, white 
porcelain dish filled with water, and to observe the shadows of 
the half-vortex rings on the bottom of the dish formed by the 
movement of two spatulae along the surface. It can be readily 
seen, by this simple method, that a half-vortex ring moving 
near another in a parallel path and with a less velocity tends to 
follow in the path of the first; and that two equal half-vortex 
rings moving in opposite directions along the same path separate 
into two vortices which move at right angles to the path of the 
original vortices. We can conclude, also, from this general dis- 
cussion, that, whenever a mass of vapor of greater density than 
the surrounding air is suddenly formed in the higher regions of 
the atmosphere, it tends to descend through it in a vortex ring. 

The results of the preceding discussion are as follows: 

1. An analogy between the strain potential and the velocity 
potential is indicated. 

2. It is shown that the formation of liquid rings is a necessary 
result of the fundamental equations of strains and those of 
hydrodynamics; and that they constitute a general and nota 
special phenomenon. A drop of water falling into water from 
a suitable height must assume a ring shape. 

8. Vortices can and do arise in certain processes of diffusion. 

4. Simple methods of studying vortex motion in liquids are 
given. 


Art. XXXVIII.—An account of the Discoveries in Vermont Geol- 
ogy of the Rev. AuGustus WinG; by James D. Dana. 


THE death of the Rev. Augustus Wing, in January, 1876, 
deprived the country of an excellent geological observer, and 
science of the results, to a large extent, of his long labors.* 
During the preceding summer, in July, I had the pleasure of an 
excursion with him to various localities over the country between 


* See this Journal, III, xi, 334. 
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Rutland and Monkton, Vermont, and derived much profit from 
the survey of the region he had explored, and from the inform- 
ation he communicated in conversation. When we parted he 
promised to prepare a paper containing the results of his obser- 
vations for publication. His decease having prevented the ac- 
complishment of his purpose, I have felt it a duty to him and 
to science to consent to perform, with the aid of such material 
as I could obtain, the unfulfilled task ; and the following article 
is the result. 

My sources of information have been two small note-books 
and a few of his letters, received from his family through Prof. 
Henry M. Seely, of Middlebury College. But these letters are, 
in part, long accounts of his geological observations and views, 
written at different times during the ten years over which his 
explorations extended,—probably in response to enquiries from 
those to whom they were addressed. Among them, one, of 
many pages, bearing the date, August 9, 1872, is addressed to 
me, and was written, as it states, on receiving a request from 
me, dated August 3, for “a fuller account of the fossils of West 
Rutland,” a brief note on his discoveries by Mr. E. Billings, 
being all hitherto published. No copy of this letter ever left 
his hands, nor even an acknowledgment of the request; and it 
is probable that the same is true of the others. His disinclina- 
tion to write, and his reluctance to make his results public, so 
long as doubts remained, were, in all probability, the occasion 
of these many unfinished epistles. But if hesitating with his 

en, he was all energy and enthusiasm in exploration. It was 
in 1865 that he came to the determination “to ascertain, if pos- 
sible, the geological age of the limestones, slates and quartzytes 
of Otter Creek Valley ;” and ever afterward he kept at it, 
“tramping,” as he says, “during all the time that could be 
spared from vigorous teaching.” He had his reward while going 
on with his work ; for, as his writings show, he experienced the 
delight of a child over his discoveries; and, at the same time, 
he felt the confidence of a thorough worker, that the geological 
truths developed would sooner or later find their place in the 
science. He continued his field-work to the last ; and it was the 
fatigue of an excursion in the autumn of 1875, when he was 
already sixty-seven years old, that brought on his fatal illness. 

It is to be regretted that his results were not earlier made 
er for they would have given some errors in New Eng- 
and geology a speedier extinction, and helped much to pus 
forward discovery. Mr. Wing, by the use of his spare time 
amid the duties of teaching, accomplished vastly more for the 
elucidation of the age of Vermont rocks than had been done 
by the Vermont Geological Survey. - The Vermont Report pre- 
sents diverse opinions about the Eolian limestone and the form- 
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ations adjoining, but settles nothing; while Mr. Wing’s discov- 
eries shed light not on these rocks alone, but also on the gen- 
eral geology of New England and Eastern North America. 

In preparing the following account of his results I have used 
mainly his letter to me of August, 1872, it being the latest 
detailed statement of his researches left by him, and it giving 
his facts and views quite fully in the course of its sixty-two 
pages But his earlier and later notes also have furnished some 

ts. All remarks of my own, or additional facts from others, 
which are introduced beyond, are put in smaller type. 


1. The Region. 


The region studied by Mr. Wing is part of the area of the 
crystalline limestone formation of Middle and Southern Vermont 
—the “‘Kolian limestone,” as named by Hitchcock, in the Ver- 
mont Geological Report.* This limestone covers a wide cen- 
tral north-and-south strip of country, extending from the south- 
ern boundary of the State to Northern Monkton—a distance of 
about one hundred miles. The limestone region is bordered 
on the east almost continuously by ridges of quartzyte, or 

uartzyte and slates, which extend along the western foot of 
the Green Mountains. Besides, there are north-and-south 
dividing ridges or belts of hydro-mica slate+ and clay-slate, 
with sometimes interstratified quartzyte. On the west there 
are, in some parts, other belts of the slate, and to the north, 
near the great fault, areas of the Red Sand-rock. These vari- 
ous rocks are so associated that the study of all is involved in 
that of the Kolian limestone. Moreover they together extend 
southward into and through Massachusetts. 


Mr. Wing’s special field of exploration was the part of the lime- 
stone region and of the adjoining country lying between Rutland 
and Monkton. The Eolian limestone formation occupies the broad 
valley of “Otter Creek” (correctly Otter River), and also those 
of its main tributaries. 

The accompanying map is from the colored chart of the Ver- 
mont Geological Report. Mr. Wing’s notes suggest several 
changes; but only two of them have been made, because the 
information is not sufficiently precise to warrant going further: 
these are, the elongation of the “central belt of slate” to middle 
Weybridge, and the closing of the West Rutland limestone area 
on dhe north by a junction of the area of slate on the east with the 


* Report on the Geology of Vermont, by Edward Hitchcock, LL.D., Edward 
Hitchcock, Jr., M.D., Albert D. Hager, A.M., and Charles H. Hitchcock, A.M. Two 
vols. 4to, 1861. Published by the authority of the State Legislature. 

+ The hydro-mica slates include the “Talcoid schist” and “Talcose schist” of 
the Vermont Geological Report, the fact that they are not talc-bearing or magne- 
sian being one of the results of the survey. Mr. Wing uses the term “ Talcoid 
schists” in his earlier notes, but adopts hydro-mica slates in the later; and I 
therefore make the substitution whenever the rock is referred to. 
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“ great central slate belt,” that limestone, according to Mr. Wing, 
not extending to the pond in Pittsford. Besides these, the long 
Tertiary area, following the eastern border of the main mass of 
Eolian limestone has been omitted, since it was based on a few 
local limonite deposits, which were mainly a result of the altera- 
tion of either the limestone, or of the slates adjoining associated 
with the quartzyte, or perhaps partly of the quartzyte itself where 
impure, and which were forming during earlier as well as later time. 

n the map all the areas that are horizontally lined are lime- 
stone areas; those vertically lined are slates (hydromica or argil- 
laceous) ; the dotted area on the east is quartzyte, and the finely 
dotted on the west and north, Red Sand-rock. The areas most 
openly lined horizontally are those of the “ Eolian limestone,” the 
crystalline or metamorphic limestone, which includes nearly all 
the marbles of Vermont south of Monkton. 

The main or eastern band of the Eolian limestone follows the 
course of Otter Creek valley, and, no doubt, determined the posi- 
tion of the valley. There is also, north of West Haven, a west- 
ern band, more or less complete, lying to the west of the “central 
belt of slate.” This great slate-belt extends from Weybridge on 
the north to the southwestern corner of the State, widening south- 
ward and spreading into the State of New York. The part south 
of Brandon has been called the Taconic range of mountains, it 
being properly a continuation of the Taconic range of Massachu- 
setts. This belt of slate, over its interior, consists mostly of clay- 
slate or argillyte (good roofing-slate in many places) (A); but, 
along either border (B) there is a broad band of hydromica slate, 
south of Whiting village, this belt is interrupted for a fourth of a 
mile or so, according to Mr. Wing, and here the limestone to the 
west of it connects with that to the east in Otter Creek valley. 
The geological formations on the western border of Vermont, 
including the Hudson River and Utica shales, with some lime- 
stone in the former, the Trenton, Black River, Birdseye and 
Chazy limestones, are mostly unaltered fossiliferous rocks, and 
hence their age was long since ascertained. The limestone areas 
within that of the Hudson River slate are set down as Hudson 
River limestone in the Vermont map; but Mr. Wing’s notes im- 
ply that he thought them in part at least Trenton, yet without 
any special discussion of the subject. 

o the east of the eastern quartzyte range there is, east of Bris- 
tol, what the Vermont map calls “ taleose conglomerate,” and next 
east of this, an area of “talcose schist,” the former certainly 
belonging with the quartzyte, and the latter a hydromica slate, 
acco ing to evidence in the Vermont Report. Farther east, 
ranging from the southern boundary of the State, and much of 
the way adjoining the quartzyte on the east side, there is on the 
map a broad area of gneiss, often called Green Mountain gneiss. 
But it is not all gneiss; for the Vermont Report states that 
Mount Mansfield, the highest mountain of the Green Mountain 
range, consists partly of chloritic hydromica slate, and this I have 
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found to be true. The true Red Sand-rock, existing more es 
cially in the northern half of Vermont, toward Lake Champlain, 
has Sams shown through its fossils, since the Vermont Report was 

ublished, to be Primordial. And, by recent discoveries also, it 

as been proved that the Primordial of Northern Vermont includes 
an extensive formation of clay-slate—the Georgia slates—and a 
red or reddish mottled limestone, extending from Canada south- 
ward to Burlington, and in some parts fossiliferous, called the 
Winooski limestone. These facts need to be kept in mind when 
studying the metamorphic rocks of Central and Southern Vermont 
and Mr. Wing’s views about them. 


2. West Rutland Valley. 


The West Rutland limestone valley, famous for its marble 
quarries, is situated four and a half miles to the west of the 
city of Rutland. It is separated from the wider limestone 
band of central Vermont, in which the city of Rutland is situ- 
ated, by three north-and-south ranges of rock; the first, going 
west, occurring at Rutland Center (C on map), consists, at the 
Falls, of quartzyte and an underlying black glossy argillyte, 
dipping to the southeastward 10° to 20°; the second, is a nar- 
row north-and-south strip of crystalline limestone; the third a 
narrow north-and-south ridge of black slate, closely resembling 
that at Rutland Center, and like it in the general direction of 
its dip, though varying much in the amount of dip and in the 
strike. This last ridge of black slate makes the eastern 
boundary of the West Rutland limestone valley, while the 
slopes of the “great central belt of slate” constitute the west- 
ern boundary. The rock of these latter slopes is a greenish 
hydro-mica slate somewhat chloritic. _ 

The limestone of West Rutland valley has a width across of 
about a mile. It has throughout a high eastward dip—vary- 
ing between 40° and 70°; and the slates on the west, as well as 
those on the east, have a a eastward dip. “Accord- 
ing to Mr. Wing, this band of limestone does not connect on 
the north with the great central limestone area of Vermont, as 
the map of the Vermont Geological Report and also Plate vimt 
represent, but runs out in that direction before reaching the 
pond in southern Pittsford, through the union of the slate 
area of the east with the area on the west, 

As first discovered by Mr. Wing, this band of limestone con- 
tains fossils on both its eastern and western borders, and also 
along its center. The marble quarries are situated on bands 
of highly crystalline white and clouded limestone between the 
fossiliferous borders and the center. The position is shown in 
the following section: S and S’ are the slates of the two sides, 
the west and east; a, ¢, e, the belts of grayish fossiliferous 
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limestone, 6, d, those of the marble quarries. The width of the 
- border belts, a and e, is from 200 to 300 feet. 


The fossils of the western border are found in the south- 
western part of the valley, just north of an old abandoned mar- 
ble quarry, the most northern one on the west side of the val- 
ley, where the rock is grayer than that of the center belt. The 
rock here is distinctly and abundantly fossiliferous. It was 
from this place, at a point rather nearer the quarries than the 
slate, that the specimens were obtained by Mr. Wing which he 
sent to Mr. Billings, for his examination. Among them, “a 
small convoluted shell was in crowded abundance,” which Mr. 
Billings said were like Pleurotomaria staminea. A short distance 
north, crinoidal disks and stems were common; and among 
these, Mr. Billings distinguished a plate of Pleurocystites tenut- 
radiatus, a Chazy species. Mr. Billings adds to his note on the 
fossils,* “TI think this collection is Chazy. The Cystidean, Pleu- 
rocystites tenuiradiatus, is a never-failing guide to the Chazy; at 
least it is so on the west side of Lake Champlain.” 

On the eastern border of the valley, just east of the large 
marble quarries, Mr. Wing states that he “ found two large con- 
voluted shelis, with a Murchisonia of moderate size.” The 
limestone of this belt is gray like that of the western. The 
fossils are, however, much rarer. 


At my visit to West Rutland with Mr. Wing, we went first to 
the central belt, to a place south of the railroad. The rock was 
found to be, as he had de- 
scribed it, literally full of 
fossils, The worn surface 
is crowded with white 
spots, often having the 
spiral and other forms of 
half obliterated shells, 
besides disks of Crinoids. 
Some of the shells are 
AA —the well-known Chaz 
species, and one of 
having the appearance of a white spiral line, is here figured natural 
size. Other similar specimens are four inches in diameter. The 


* Published in this Journal, in vol. iv, p. 133, 1872. 
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gray limestone of the western border of the valley was also found 
tobe abundantly fossiliferous. That of the eastern border, just 
east of the marble quarries we examined, but in the short time 
there, no distinct fossil forms were found. 


Mr. Wing in his notes explains the position of the Chazy 
belts in the limestone, and that of the slates either side by the 
view that the slates lie in synclinals 3. 
and the limestone in an abraded 
anticlinal, as illustrated in the an- 
nexed figure, making the slates 
younger than the Chazy. He ob- 
serves that he had suspected the 
existence of the Trenton outside 
of the Chazy between the fossil- 
iferous beds and the slates, but 
that he had found no evidence of 
it, and, moreover, the “space was too thin for the normal Tren- 
ton.” 


If there is here but one anticlinal, there are two fossiliferous 
levels in the limestone of the valley, and all the limestone is 
Chazy; but if a double anticlinal exists, as is possible, though 
perhaps not probable, then the marble belts may belong to a 
stratum below the Chazy. 

About three miles southwest of West Rutland, in the town of 
Ira, and within the “great central belt of slates” there are, 
according to the Vermont Geological Report (p. 432), two out- 
crops of limestone which afford fossils, and deserve to be called 
fossiliferous; the fossils found were Encrinal disks, and shells re- 
sembling a Hwomphalus in form. Whether related to those of the 
West Rutland Valley or not cannot be made out from the facts 
stated. 

3. Sudbury Limestone. 

The Sudbury limestone belt is situated a little over twenty 
miles north-northeast of West Rutland, on the west side of the 
“great central belt of slate.” The limestone lies between the 
great band of slate and another on the west, and has a width 
of two to three miles. The area is bounded both to the north 
and south by slate, the western slate belt, which leaves the 
great belt in Benson, joining it again twelve or fifteen miles 
north, the rock for two miles south of the village of Whiting 
being slate. Thus the area is isolated like that of West Rut- 
land, and both may be said to be contained within the slate 
belt. Still, there is a break or interruption in the eastern slate 
belt toward Whiting, and through it the Sudbury limestone 
connects directly, or is continuous, with that of Otter Creek 
valley. 
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In the Sudbury valley, 14 miles south of the village, on the 
land of Mr. Clark Morton, the Trenton trilobite, Trinucleus 
concentricus, was first found in May, 1866, in the blocks of a 
stone wall which the owner said had been quarried near by; 
and, Mr. Wing says: “I walked home that night—seven 
miles—after sundown, glorying in my discovery of a Trenton 
fossil in Sir William Logan’s Quebec Group. I was, however, 
dampened in all this on reading, after reaching home, in Pro- 
fessor Hitchcock’s Report, that the Zrinucleus had been pre- 
viously found in a bowlder in Sudbury; for I could not tell 
whether mine came from a bowlder or not.”* But “afterward, 
in May, 1867, I discovered the Trenton trilobite near the same 
spot, and in great abundance.” It was associated with various 
other Trenton fossils, twenty or more species of which were 
later collected by Mr. Billings. 

The limestone, like that of West Rutland, and the slates 
adjoining, all dip eastward. The limestone accordingly, says 
Mr. Wing, constitutes an anticlinal between two synclinals of 
slate—those of the slate belts or ridges. 

Mr. Wing also states that he afterward found the Trinucleus 
concentricus ten miles southeast of Sudbury (half way to West 
Rutland) in Hubbardton, in a limestone band sixty vards wide 
in the heart of the “great central belt of slates;” and also 
farther south, one or two miles north of the slate-quarries of 
West Castleton. 


4, Eastern Orwell and Shoreham, Whiting and Cornwall. 


The towns directly north of Sudbury are Whiting and Corn- 
wall, and those adjoining these on the west, Orwell and Shore- 
ham. The area of Kolian limestone—that of its west branch 
—covers only the eastern half of Orwell and Shoreham, the 


Fig. 4. 
w. E. Shoreham. Whiting. Ot.Cr. Leicester. E. 
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Section from the Red sand-rock in Eastern Shoreham to the Quartzyte rocks and 
interstratified Dolomite of Eastern Leicester, east of the main belt of Eolian 
limestone. 


“ great slate belt” occupying the western half. But this slate 
belt passes northward through the middle of Whiting and 
Cornwall, so that the western part of each of these towns is 

* The Vermont Report says (p. 301) only this: ‘A bowlder of this rock 
[Trenton limestone] has been found in Sudbury, containing this species, which 
must have been transported several miles,”—a statement which implies no suspi- 
cion of its being a Sudbury fossil. 
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covered with the western branch-of the Eolian limestone, and 
the eastern with the eastern or Otter Creek branch. 

The preceding section is given by Mr. Wing to show the suc- 
cession of formations across the whole limestone region, from 
the Red Sand-rock in Eastern Shoreham, to the quartzyte region 
of Eastern Leicester, a distance of twelve or fourteen miles. It 
shows the eastward dip throughout; the narrow strip of slate 
to the west of the middle; and three sections of the Kolian 
limestone east and west of this slate: a, Lower Calciferous; 3, 
Upper Calciferous and Quebec; c, Chazy and Trenton; R. &., 
Red Sand-rock; SL, slates; Q, quartzyte. How far this con- 
clusion is based on positive facts will be seen beyond. 

On the east side of the slate in East Cornwall various fossils 
were found in the limestone. These were sent to Mr. Billings, 
who replied as follows: “The specimens from East Cornwall 
east of Dr. Porter’s residence, ne from a locality farther north, 
are Stenopora fibrosa, St. Petropolitana, Escharopora recta?, part 
of the rim of a Trinucleus or Harpes, and species of Orthis, 
Strophomena, Rhynchonella and Orthoceras ;” and he added that 
“they are no doubt Trenton.” 

North and south of East Cornwall, there are “ Rhynchonella 
beds” full of fossils, including pygidia of ¢rilobites, a large 
Maclurea, species of Orthis, Encrinal disks, and other kinds ; 
and, half a mile south, one undoubted Bathyurus Saffordi, a 
Quebec Group trilobite, was obtained. 

Near the west border of Cornwall, at Bascom’s ledge (three 
miles west of south of West Cornwall and three and one-half 
miles east of Shoreham), a bed in the ‘“ Kolian limestone” is called 
by Mr. Wing the “Trilobite bed,” it being almost made up of 
remains of trilobites, with other fossils. It afforded—as identi- 
fied in 1867 by Mr. Billings from specimens sent him by Mr. 
Wing—Asaphus canalis, besides two other species of the genus, 
two or three species of Bathyurus, one of them B. conicus, some - 
of the cephalic spines of this species, three, four, and, four and 
one-half inches long, besides Maclurea matutina and other con- 
voluted shells. Mr. Billings made the species Calciferous. 

East of Shoreham village the upper limestones hold Bathy- 
urus extans Billings (Asaphus ? extans Hall), a Birdseye species, 
Columnaria alveolaia, of the Black River limestone, and the 
Trenton trilobite, 7rinucleus concentricus. 

Barbour’s Ledge, in southern Bridport, near Mr. J. Barbour’s 
residence, affords similar fossils to Bascom’s Ledge, includin 
many pygidia of trilobites of the species Asaphus canalis, an 
Bathyuri, and also, in an overlying bed, Maclurea matutina and 
other convoluted shells and trilobites. 

The “ Rhynchonella beds” extend from West Cornwall to a 
mile or two south of Orwell, fifteen to eighteen miles. But in 
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Orwell, in higher limestones immediately west of and underly- 
ing the “sparry limestone,” there occur Petraia profunda (A, 
Stenopora fibrosa and St. Petropolitana, “ which may be Birdseye 
species ;” and at the bottom of a hill one and one-half miles 
northeast of Orwell village, where the “sparry limestone is 
largely developed,” a number of large Macluree were found 
(one, as figured in the notes, three inches in its longer diam- 
eter, and resembling fig. 2 on page 338), which seems to indi- 
cate the presence of the Chazy limestone beneath the “ sparry 
limestone,” or at its base. Higher up toward the top, there 
are obscure fossils; but at the top, near the slate, occur distinct 
bivalves, and the coral Receptaculites Neptuni, which seems to 
prove the “Sparry limestone’ to be Trenton in age. 

. In northeastern Shoreham, two miles north of Shoreham 
village, there is a limestone ledge called Mutton Hill, and here 
several Lower Silurian formations are distinguishable by their 
fossils. The rocks, in the words of Mr. Wing, have the follow- 
ing ascending order: 

1. Light gray even-bedded sandstone, in beds six inches to 
two or three feet thick; six or eight feet at the top, honey- 
combed with Scolithus linearis: Potsdam. 310 feet. 

2. Dark iron-gray, feebly calcareous sandstone or quartzyte, 
with Fucoids: Upper Potsdam? 200 feet. 

8. Subcrystalline limestone, containing a small Orthoceras 
and Encrinal disks: Lower Calciferous. 20-25 feet. 

4. Dark greenish, fine-grained sandstone, the lower twelve 
or fifteen feet perforated with small Scolithi (S. minutus), the 
rest interstratified with dolomitic limestones, holding Ophileta 
compacta, O. complanata, (hence called the Ophileta beds), a few 
‘other species of convoluted shells including two or three 
Macluree, a small Orthis (Orthisina), a Trilobite, etc.: Calcif- 
erous. 300-400 feet. 

No. 1 is at the western base of Mutton Hill and No. 4 is its 
geological top. 

In a second fold or anticlinal, Nos. 1, 2, 3 and 4 again come 

5-8, up; and No. 8 is more than 200 

. , feet thick and holds a number 

5 of small Orthocerata, two species 
O of Gasteropods, including a Ma- 

b clurea and a Bathyurus. The 
Oo%0¢) accompanying figures by Mr. 

: Wing serve to sustain his state- 


ments. Figure 5, an Orthoceras 
apparently the Calciferous spe- 
cies, O. primigenium ; 6, sections of Maclureas ; 7, pygidium of 
a Bathyurus; 8, shell resembling a Holopea. 
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In this “second fold,” No. 4, or the “Ophileta beds,” Scoli- 
thus minutus and the Fucoid Palewophycus arcuatus are abundant. 

In the same fold, above No. 4, appears No. 5, called the 
“ Trilobite bed and Conglomerate.” It consists below of dark 
bluish sandstone or quartzyte with green slaty seams containing 
Fucoids; then ten or fifteen feet of siliceous limestone, holding 
a few small Trilobites and other fossils; then a conglomerate 
made of flat and rounded pebbles from the quartzyte below— 
the flat ones one to two inches across, the rounded, from coarse 
shot to large bullets: the paste sometimes limestone ; the slaty 
seams holding toward the bottom a small Orthis (Orthisina), a 
small 7rilobite, and, near the top, Maclurea sordida and M. matu- 
tina in crowded abundance at some “aang This “conglom- 
erate may generally be traced along the west side of the great 
slate belt without aid from its fossils.” 

At Bascom’s Ledge, which is the “ fourth fold” going east- 
ward from Mutton Hill, Nos. 1, 2, 3, 4 and-d occur, with their 
fossils, and the lower part of No. 5, the “Trilobite ” or “ Con- 
glomerate” bed exists in great force. The Trilobites (Asaphus, 
etc.), and other fossils mentioned on page 841 are from this 
bed, ten or twelve feet of it being made up almost entirely of 
them. There is also above the “conglomerate,” No. 6, the 
“Rhynchonella beds” already mentioned—so called from “real 
or supposed Rhynchonelle found in the next (5th) fold.” This 
No. 6 is a nearly pure, or feebly siliceous, or dolomitic lime- 
stone, finer in grain and softer than the formations below, 
generally weathering to some shade of yellow, red, pink, or 
buff; and is without fossils in the line of section of the 4th 
fold. 

Over No. 6 occurs No. 7, the Sparry Limestone, 400 to 600 
feet thick; and No. 8, the slate of the great belt, here perhaps 
300 or 400 feet thick. The Sparry Limestone is the stratum 
that, one and a half miles northeast of Orwell village, afforded 
the Receptaculites Neptuni, “ which seemed to prove” its Trenton 
age; and is the Sudbury rock affording Zrinucleus. The slate 
would consequently be the Hudson River slate. 

The formations above recognized are, briefly, as follows: 

1. Sandstone.—: Polsdain. 

2. Iron-gray calcareous sandstone.— Upper Potsdam. 

3. “Suberystalline limestone,” part of the “ Eolian Limestone” 
containing Orthoceras, ete.—Lower Calciferous. 

4. “Ophileta beds,” part of the “Kolian Limestone.”— 
Caleijerous. 

5. “Trilobite bed” and “ Conglomerate,” part of the “Eolian 
Limestone.” — Quebec Group. 

6. “ Rhynchonella beds” with the “ striped stratum,” part of 
the Kolian Limestone.— Chazy. 

Am. Jour. Vou. XIII, No. 77.—May, 1877. 
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7. “Sparry Limestone,” part of the “ Eolian Limestone.”— 
Trenton. 
8. The slates of the “great central belt."—Hudson River 
Slates (or, Cincinnati group). 
5. Northern Cornwall, Middlebury, Weybridge. 


Weybridge is the next town north of Cornwall, and Middle- 
bury lies to the east of Southern Weybridge and Northern 
Cornwall. The area of the Eolian limestone includes both 
towns on the Vermont Geological Map. 

Ellsworth Ledge is situated in North Cornwall, two and a 
half miles northeast of ‘‘ Bascom’s Ledge,” and two or three 
miles west of Middlebury. It is Mr. Wing’s fifth fold. The 
“great central slate belt,” instead of stopping in Cornwall as 
represented on the Vermont Geological Map, continues on, as a 
narrow belt, and part of the way a double belt, to middle 


Weybridge. 


SRV 
5c 


4 5a 5b 6 1 8 q 6 
Mr. Wing’s section from west foot of Ellsworth Ledge, in Cornwall, to Middlebury 
on the east. 


Commencing at the western base of Ellsworth Ledge (see 
the es section from Mr. Wing's notes) there is no 
outcropping Lower or Upper Potsdam, and No. 8 also is 
wanting: the first formation is No. 4, the “Ophileta beds” 
with their fossils; next No. 5, a, b, c, the “Trilobite bed” and 
those associated; next No. 6, the “ Rhynchonella beds,” 
with fossils; then No. 7, or the “Sparry Limestone,” with 
fossils, this and the preceding of unusual thickness; and No. 
8, the Hudson River slate. 

Overlying the “ Conglomerate bed” (No. 5 4) there is a bed of 
coarse limestones, (5 c) 100 or 200 feet thick, holding obscure 
convoluted shells (Maclurea ?), a large Orthoceras and Murchi- 
sonia, and Bathyurus Saffordi, a species characteristic of the 
Quebec group. 

Above this stratum come the “ Rhynchonella beds,” (No. 6) 
perhaps 300 to 400 feet thick, containing, in a “striped stra- 
tum” characteristic of it, Rhynchonelle (?) in great abundance, 
pygidia of Asaphus canalis and of one or two other species of 
Asaphus, pygidia of Bathyurus Angelini, a Chazy species in 
Canada; also species of Maclurea, Orthis, Leperditia (a small 
hand specimen containing them by the thousands), Hncrinal 
stems, etc. This “ striped stratum,” twelve to fifteen feet thick, 
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is overlaid by an inch or so of a dark slaty sandstone and then 
by a stratum of white limestone (weathering yellow) six to 
twelve inches thick. These ‘““Rhynchonella beds” are without 
much doubt Chazy in part; the upper part may be Birdseye 
and Black River. Since the Birdseye and Black River do 
certainly exist in Orwell and half a mile east of Shoreham 
village, there is not much doubt that they exist here also. 

The “ Sparry limestone ” does not here afford fossils. Thé age 
of the rock is inferred from the fossiliferous beds farther south 
in similar position in Cornwall, Sudbury, Hubbardton, the facts 
respecting which have been already mentioned. “Trenton fossils 
occur also in Benson, and on the same strike in Whitehall, 
New York;” so that “ it is no longer to be doubted that the Tren- 
ton limestone does exist in long bands stretching down on the 
west side of the two belts of slate from Weybridge southward.” 

At Weybridge Upper Falls, on the right bank, the “ Rhyn- 
chonella beds” occur west of the slate, beneath the “Sparry 
limestone ;” and the Rey stratum,” which is partly cut 
through by the stream, is full of fossils, as first observed in 
1867; and the species are the same Rhynchonelle and convo- 
luted shells that were found in the “ Rhynchonelia beds” west 
of the slate in Cornwall—a fact which makes the two beds 
identical in age. On the south side of the Falls occurs Retepora 
incepta. This makes the beds to be of the age of the Chazy, 
and proves that the Chazy formation has a wide range, the 
beds in Cornwall affording Asaphus canalis, Bathyurus Angelini, 
Leperditia, etc., as already stated. “No marble quarries in 
Addison county have been wrought in the Quebec Group; all 
are now wrought in the Chazy and formations above it, or in 
the sheet of limestone at the bottom of the Calciferous.” 

In Middlebury, the “Sparry limestone” affords “very large 
and conspicuous Hnerinal stems; they occur mostly near the 
slate, like the few other fossils of this slate.” The formation is 
a continuation of that of East Cornwall. 

The limestone bordering the “central slate belt” on the east, 
is the same formation with that on the west. This has been 
proved by the fossils, as already stated. It is also shown by 
the fact that this main belt of slate, which extends south from 
Weybridge to join the wider belt of the southwestern part of © 
the State, is wholly cut off by limestone in the north part of 
Sudbury, the cut being 40 or 50 rods wide, as stated on page 
839. ‘The limestone at the break is certainly not lower than 
the Chazy and Trenton, and it is continuous with the fossilife- 
rous Trenton limestone of Sudbury on one side, and with that 
of Otter Creek valley on the other; and hence the limestones 
on the east of the slate, in Otter Creek valley, must be of the 
same age as those on the west.” 
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Moreover, other facts give us the age of the slates. “For the 
limestones at the northern terminus of the slate seem to dip 
down around under the slate. The limestones on the west dip 
eastward beneath the slate, and so do the slates and limestone 
beds on the east. the slate being an inverted synclinal and the 
limestones abraded anticlinals. Indeed, one of the folds of the 
slate shows the limestone continuing around under the synceli- 
nal Axis of the slate.” “The evidence is plain that the slates 
are decidedly the more recent.” Moreover, thin beds of lime- 
stone in the slate actually contain Trenton fossils (p. 839). 

The fact that the slates overlie the limestone, and are there- 
fore Hudson River slates, is further shown in the direct and 
nearly horizontal superposition of the latter by the former in 
several high summits south of Rutland, as in Mount Dorset or 
Kolus in the town of Dorset; Danby Mountain, on the borders 
of Danby and Dorset, just north of Kolus; Equinox Mountain, 
in the town of Manchester, the town next south of Dorset; in 
Spruce Peak, in Arlington, to the southwest; in Mount 
Anthony, in Bennington, farther south; and in Graylock, in 
northern Berkshire, in Massachusetts. 


The Vermont Geological Report mentions, on the authority of 
determinations by Professor Hall, the occurrence in the Eolian 
limestone of a species of Kuomphalus in Sudbury and also in 
Whiting; of a Zaphrentis in Sudbury, and also in Cornwall, 

‘along with species of Hwomphalus and Chetetes ; of Stromatopora 
in Sudbury, Orwell and Cornwall, and in East Middlebury, Bran- 
don, New Haven and Williston; of large Encrinal stems in Sud- 
bury and Cornwall; of a species of Stictopora “remarkably well 
defined” in Sudbury. 

The Vermont Report gives also the particulars with regard to 
the stratification in the above mentioned mountains, with sec- 
tional views of some of them, which are here reproduced. Mount 
Eolus (fig. 10), 3,148 feet above the sea-level, has a cap of hydro- 
mica slate, about 500 feet thick (498 feet, Vt. Rep., p. 412), over- 
lying in a very shallow synclinal 1,960 feet of Eolian limestone. 


— 


Mt. Eolus, Dorset. Spruce Peak, Arlington. 


Danby Mountain is a continuation northward of the same moun- 
tain, with the same structural conditions, but with the slate, 
“according to a rough trigonometrical calculation” (Vt. Rep., p. 
433), 1,354 feet thick. In Mt. Equinox, which is 3,872 feet in 
height, according to Guyot, the limestone rises “as high perhaps 
as in Mt. Eolus.” In Spruce Peak, Arlington (fig. 11), the slates, 
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almost horizontal but in a shallow synclinal, constitute the larger 
part of the height, and overlie about 300 feet of limestone. In 
the Bennington Mountain, Mt. Anthony (fig. 12), 2,688 feet high, 
the Eolian limestone makes the base, and over it are about “ 1,800 
feet of shales and schists,” dipping westward on the east side, and 
slightly eastward on the west side. In Graylock (fig. 13), having 


Bb. . 


Mt. Anthony, Bennington. Graylock. 


a height of 3,505 feet, the structure is like that of the mountains 
just described. The section of the mountain here given, copied 
from the Vermont Report, is that published by Prof. Emmons. 
My own observations in the region, undertaken under the idea 
that Prof. Emmons’s view was wrong, ended in proving him right. 
Over 2,000 feet of slates overlie the limestone. 

Again, the occurrence of isolated north-and-south belts or 
ledges of limestone within the “ great central slate belt ”—as for 
example, those of West Rutland, Ira, Castleton, Hubbardton, Sud- 
bury—suggests, first, that the slate where broadest is not one 
synclinal, but one with several subordinate anticlinals and syn- 
clinals; and, secondly, that the limestone was brought up to the 
surface from beneath by means of the anticlinals. 


It remains to give an account of the fossils and stratification 
of the limestone and quartzyte of North Middlebury and New 
Haven; of the eastern belt of quartzyte and the bordering 
limestone; and of the great fault at Snake Mountain, west of 
Middlebury ; and to present the general conclusion deduced by 
Mr. Wing from his observations. 


(To be continued.) 


Art. XXXIX.—WNoles on the History of Helianthus tuberosus, the 
_ so-called Jerusalem Artichoke; by J. HAMMOND TRUMBULL 
and Asa GRAY. 


Unver this heading the Botanical Editor of the Journal 
proposes to offer a few explanatory remarks, introductory to 
the subjoined letter which he received from Mr. Trumbull in 
answer to a recent enquiry. 

Linneus, in the Species Plantarum, gave to Helianthus 
tuberosus the “habitat in Brasilia.” In his earlier Hortus 
Chiffortianus the habitat assigned was “Canada.” M. Alphonse 
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DeCandolle, in his Géographie Botanique, ii, 824, (1855), refers 
to this as “decidedly an error, at least as to Canada properly 
so called,” assigns good reasons for the opinion that it did not 
come from Brazil, nor from Peru (to which the name under 
which it appeared in cultivation in the Farnése garden seemed 
to refer), but in all probability from Mexico or the United 
States. He adds that Humboldt did not meet with it in any 
of the Spanish colonies. 

About this time I received from my friend and correspondent, 
the late Dr. Short of Kentucky, some long and narrow tubers 
of Helianthus doronicoides Lam., with the statement that he and 
some of his neighbors found them good food for hogs, and, if 
I rightly remember, had planted them for that purpose. They 
were planted here in the Botanic Garden; after two or three 
years it was found that some of the tubers produced were 
thicker and shorter; some of these were cooked along with 
Jerusalem artichokes, and found to resemble them in flavor, 
although coarser. Consequently, in the second edition of my 
Manual of the Botany of the Northern United States (1856), it is 
stated that H. doronicoides is most probably the original of H. 
tuberosus. This opinion was strengthened year after year by 
the behavior of the tubers, and by the close similarity of the 
herbage and flowers of the two plants, as they grew side by 
side; indeed, as the two patches were allowed to run together 
in a waste or neglected place, they have become in a measure 
confounded. Wishing to obtain an unmixed stock, [ applied 
last autumn to Prof. J. M. Coulter of Hanover, Indiana, and 
received from him a good number of tubers from wild plants 
of the neighborhood, which will now be grown. Some of these 
were slender, some thicker and shorter, and a few were to all 
appearance identical with Jerusalem artichokes. If they were 
really all from one stock, as there is reason to believe, the 
question of the origin of. Helianthus tuberosus is well nigh 
settled. 

We were now interested to know whether our Indians—at 
least those of the Mississippi Valley, where H. doronicoides 
belongs,—were known to cultivate these tubers or to use them 
for food. Recently a note in the American Agriculturist called 
attention to a sentence in Dr. Palfrey’s History of New Eng- 
land, i, 27, stating that the Indians of that region raised, among 
other articles of food, “(a species of sunflower, whose esculent 
tuberous root resembled the artichoke in taste.” The venerable 
historian found himself at the moment unable to refer me to 
the sources of this statement; but, as it was now certain that 
some record of the kind existed, I applied to Mr. Trumbull, 
who obligingly and promptly supplied the information required, 
and placed it at my disposal in the following letter :— 
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HARTFORD; Conn., March 26, 1877. 

My dear Prof. Gray:—I cannot refer you to the authority 
(totidem verbis) for Dr. Palfrey’s statement that the Indians of 
New England cultivated “a species of sunflower whose esculent 
tuberous root resembled the artichoke in taste,” but there can 
be, I think, little doubt of the fact. The historical evidence 
that “artischoki sub terra” were cultivated in Canada and in 
some parts of New England before the coming of Europeans is 
tolerably clear. The only question, if there be any, 1s as to 
species, and this does not appear to have been raised for more 
than half a century after the “Jerusalem artichoke” was known 
to English and Continental botanists. 

I can discover no authority whatever, before 1700, for ascrib- 
ing to the Helianthus tuberosus, either a Brazilian or a Mexican 
origin, except—and the exception is unimportant—in C, 
Bauhin’s identification (in his Pénax, 277) with ‘* Helianthemum 
Indicum tuberosum” (H. tuberosus, L.), of a plant that he had 
described in his earlier Prodromus (ed. 1671, p. 70) as “Chrysan- 
themon latifolium Brastlianum,” from a dried specimen sent 
to him “eo nomine” from the garden of Contarini. 

The first trace I find of this species, in Europe, is in the 
2d part (cap. 6) of Fabio Colonna’s “EKecphrasis minus cognita- 
rum stirpium,” published at Rome in 1616. He described it 
from a plant growing in the garden of Cardinal Farnese. The 
sunflower was already well known to European botanists, and 
had been described and figured by Dodoens (1563) and Lobel 
(1576) as “Chrysanthemum Peruvianum” and “Flos solis 
Peruvianus.” With reference to these descriptions, probably, 
Colonna gave the new species the name of “ Aster Peruanus, 
tuberosa radice,” otherwise ‘Solis flos Farnesianus.” (He gave 
a more particular description of the plant in his annotations 
to Recchi’s Hernandez, Plant. Mexic. Hist., 1651, pp. 878, 881, 
as “ Peruanus Solis flos ex Indiis tuberosus.”) 

The author of the “ Descriptio variorum plantarum, in Horto 
Farnesiano,” published under the name of Tobias Aldinus 
(Rome, 1625), gave some account of the roots, which he calls 
“Tubera Indica,” of the “Solis Flos tuberosus, seu Flos Farnes- 
ianus Fabii Column” (p. 91). It may be observed, that sev- 
eral of the rarer plants in the Farnese garden, at this time, were 
from “ Canada” and “ Virginia.” The Passion Flower (admir- 
ably figured by Aldinus) is described under its Verg/nian name, 
“Maracot” (the “‘ Maracocks” of John Smith and Strachey) ; 
and a “Campanula Americana” is otherwise named “Campan- 
ula Virginiana, seu ex Virginiis insulis.” 

C. Bauhin, in his Pinax (first published in 1623), ed. 1671, 
p..276, notes that the “ Helianthemum Indicum tuberosum ” is 
called “Chrysanthemum 2 Canada, quibusdam. Canada et Ar- 
tischoki sub terra, aliis. Gigantea, Burgundis.” 
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P. Laurenberg, Apparat.’ plant. (Rostock, 1632), names the 
species, “ Adenes Canadenses or Flos Solis glandulosus.” Ant. 
Vallot, Hortus Regis Paris., 1665 (as cited by Bauhin) gives the 
names * Canada and Artischoki sub terra,” and ‘“ Canadas,” and 
describes, also, “‘Helenium Canadense altissimum, Vosacan 
dictum,” which Tournefort distinguishes as ‘Corona Solis 
rapunculi radice” (Inst. Herb. 490), and which became H. 
strumosus L, ‘ Vosacan,” by the way, is a French feshion of 
writing the Algonkin word wassakone or wassakwdn, which 
means a ‘ bright yellow flower.’ The modern Chippeways give 
this name to the flowers of the pumpkin and squash. 

Under whatever name the Jerusalem Artichoke was described, 
there seeins to have been a general agreement amoung European 
botanists that it came from Canada. F. Schuyl, Catal. Horti 
Iugd. Bat. (Heidelberg, 1672), varies the specific name to 
“Chrysanthemum Canadense Arumosum.” P. Amman, Charac. 
Plant. Nat. (1676), has ‘‘ Helenium Canadense.” 

It was introduced to England about 1617. In that year, Mr. 
John Goodyer, of Maple Durham, Hampshire, “received two 
small roots thereof, from Mr. Franquevill of London,” which 
were planted, and enabled him, before 1621, to “store Hamp- 
shire.” He wrote an account of the plant, under date of Octo- 
ber 17, 1621, for T. Johnson,—who printed it in his edition of 
Gerard, 1636 (p. 753). Before this the species had been figured 
and described by J. Parkinson, in Paradisus Terrestris (London, 
1629), as “ Battatas de Canada,” and in his Theater of Plants, 
1640 (p. 1383), he has the figure—a good one—without the 
description, under the names “ Battatas de Canada, the French 
Battatas, or Hierusalem Artichoke.” Johnson, in Gerard (p. 
753), refers to Parkinson’s description, and gives the name as ' 
“Flos Solis Pyramidalis, Jerusalem Artichoke.” It already 
grew “well and plentifully in many parts of England.” 

The notices by early voyagers, of ground-uuts, eaten by the 
Indians, are generally so brief and so vague, that it is not 
easy to distinguish the three or four species mentioned under 
that name or its equivalents. The Solanum tuberosum, A pios 
tuberosa, Araha trifolia, and a Cyperus (articulatus ?) were all 
“ground nuts,” or “earth nuts.” We find, however, in a few 
instances, unmistakable mention of the roots already known in 
Europe as “ Canadian.” 

Brereton, in his account of Gosnold’s voyage to New Eng- 
land in 1602, notes the “great store of ground nuts” found on 
all the Elizabeth Islands. They grow “forty together on a 
string, some of them as big as a hen’s egg” (Purchas, iv, 1651). 
These, doubtless, were the roots of Apios tuberosa. But when 
Champlain, a few years later (1605-6) was in the same region, 
he observed that the “ Almouchiquois” Indians near Point 
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Mallebarre (Nauset harbor, probably,) had “force des racines 
qu’els cultivent, lesquelles ont le goat d’artichaut” (Voyages, ed. 
1682, p. 84). And it is to these roots, evidently, that Lescar- 
bot alludes, Histoire de la Nouv. France, 1612 (p. 840): there 
is, he says, in the country of the Armouchiquois (i. e., New 
England, west and south of Maine,) a certain kind of roots 
“grosses comme naveaux, trés excellentes 4 manger, ayans un 
gout retirant aux cardes, mais plus agréable, lesquelles planiées 
multiplient en telle fagon que c’est merveille;” and he thinks 
these must be the “ Afrodilles ” described by Pliny. 

Sagard-Theodat (Hist. du Canada, 1636, p. 785) mentions the 
cultivation of the sunflower, by the Hurons—who extracted oil 
from its seeds,—and names also the “roots that we [the French] 
call Canadiennes or Pommes de Canada, and that the Hurons 
call Orasqueinta, which are not very (assez peu) common in 
their country. They eat them raw, as well as cooked, as they 
eat another sort of root resembling parsnips [Sium lineare?], 
which they call Sondhratates, and which are much better; but 
they seldom gave us these, and only when they received some 
present from us or when we visited them in their cabins.” He 
goes on to speak of “patates, fort grosses et trés-excellentes,” 
some of which he had obtained from an English vessel cap- 
tured by the French; but none of these were to be found in 
the Huron country, nor could the Indians tell him the name 
of them; and he regretted that he had not brought some with 
him, for planting, since “this root, being cut in pieces and 
planted, quickly grows and multiplies, it is said, lke the 
pommes de Canada” (pp. 781, 782). It is plain that the Huron 
roots first-mentioned were, or that Sagard believed them to be, 
‘Jerusalem Artichokes,’—already known as “ Canadian.” 

I find no mention of the artichoke in Virginia, or the southern 
colonies, before it was cultivated by Anglo-Americans. The 
author of “A Perfect Description of Virginia,” printed in 1649, 
says that the English planters have (inter alia) “ roots of several 
kindes, Potatoes, Sparagus, Carrets, and Hartichokes.” 
Beverly, (Hist. of Virginia, 1722, p. 254), mentions “ Batatas 
Canadensis, or Jerusalem Artichoke,” as planted by some of 
the English, for brewing beer. Yet, the name of one of the 
esculent roots mentioned by Hariot (Brief and True Report, etc., 
1585) ought to belong to some species of ‘Sun Flower ’—and if 
to any, to H. tubevosus. Hariot names three tuberous roots 
found in Virginia: “ Openauk, a kind of roots of round form, 
some of the bignes of walnuts, some far greater, which are 
found in moist and marish grounds growing many together one 
by another in ropes, or as though they were fastened with a 
string. Being boiled or sodden, they are very good meate.” 
[C. Bauhin (Prodromus, 89) identifies these with “Solanum 
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tuberosum esculentum,”—and has been followed by later wri- 
ters. The description seems to me to indicate Apzos tuberosa.] 
“ Kaishucpenauk, a white kind of roots about the bignes of hen 
egs and nere of that forme: their taste was not so good to our 
seeming as of the other, and therefore their place and manner 
of growing not so much cared for by vs: the inhabitants 
notwithstanding vsed to boile and eat many.” These may be 
‘Virginia potatoes,’ but their name, if Hariot recorded it cor- 
rectly, means ‘ Sun-tubers.’ The etymology is perfectly clear. 
The other roots described by Hariot, ‘‘ Okeepenauk are also of 
round shape, found in dry grounds: some are of the bignes 
of a man’s head,” etc. These must be the “Tubera terre 
maxima,” of Clayton, “vulgo Tuckahoo,” which Gronovius (FI. 
Virgin., 205) refers to Lycoperdon solidum L, and for which 
Rafinesque (Med. Fl. ii, 270) proposed a new genus “'Tucahus.” 
Kalm describes them (Travels, i, 225) as “Truffles.” Fries (El. 
Fung. 11, 39) assigns them to his Pachyma cocos. 

Writing in haste and with frequent interruptions, it has been 
possible to do little more than copy, without condensing or 
arranging, such notes as I had before me. They have extended 
to such a length that I must not add even an apology for the 
superfluous matter. ‘Yours truly, 

J. H. TRUMBULL. 


It would be interesting to know whence came the French 
name of these Helianthus tubers, “Topinambour,” it being the 
only thing in the case which, és Mr. Trumbull remeiks, “ looks 
to a Brazilian origin, as it seems to be derived (and so Littré 
gives it) from the Topinamboux Indians of Brazil.” The En- - 

lish name, “Jerusalem Artichoke,” comes, as is well known, 
rom the Italian Girasola, i. e., sun-flower. 

As to the annual sunflower, or Helianthus annuus, said by 
Linnzus to come from “ Peru” and “ Mexico,” I have for some 
years been convinced that its original is the H. lenticuiaris of 

ouglas, which again is probably only a larger form of H. 
petiolaris of Nuttall, natives of the western part of the Missis- 
sippi Valley and of the\plains to and beyond the Rocky Moun- 
tains. It is an interesting confirmation of this opinion, that 
Sagard (as mentioned in the above communication) and Cham- 
plain found this sunflower in cultivation by the Huron In- 
ae for the sake of the oil of its seeds, which they used for 

air-oil. 
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Art. XL.—A new Investigation of one of the Laws of Friction ; 
by A. S. Kimpatt, Professor of Physics in the Worcester 
Institute of Industrial Science. 


REULEAUX, in the appendix to his recently published “Cin- 
ematics of Machinery,” says that ‘“‘many engineering schemes 
have failed because they were designed in accordance with the 
statements given in our text-books as the laws of friction.” 
He furthermore adds, “that it is time that the experiments of 
Bochet and Hirn should be raised from their place as foot-notes 
to a position in the text.” 

During the last year, I have conducted experiments, on as 
extensive a scale as our laboratory would allow, for the purpose 
of settling, if possible, certain contested points in the doctrine 
of friction. 

Our manuals of mechanics, following Morin and Coulomb, 
say the coefficient of friction does not vary with the velocity. 
Bochet says that it decreases as the velocity increases. Hirn says 
that it éncreases as the velocity increases. Contradictory as these 
statements are, it is probable that each contains a partial truth. . 
They need to be combined to make a complete statement. 

The results of my experiments, which this paper is to de- 
scribe, would indicate that the following is the true law, within 
the range of my experience. The coefficient of friction at very 
low velocities is small; it increases rapidly at first, ‘then more 
= as che velocity increases, until at a certain rate, which 

epends upon the nature of the surfaces in contact and the 
intensity of the pressure, a maximum coefficient is reached. 
As the velocity continues to increase beyond this point, the 
éoefficient decreases. An increase in the intensity of the press- 
ure (the number of pounds on a square inch), changes the posi- 
tion of the maximum coefficient, and makes it correspond to a 
smaller velocity. The more yielding the materials between 
which the friction occurs, the higher is the velocity at which 
the maximum coefficient is found. Heating the rubbing bodies 
changes the position of the maximum coefficient to a higher 
velocity, since by heat the bodies are made softer, and are caused 
to yield to pressure with greater ease. Fora considerable range 
of velocities in the vicinity of the maximum coefficient the 
coefficient is sensibly constant. 

The experiments upon which I base my conclusions may be 
classified as follows: 

(1.) Sliding friction down an inclined plane. 

(2.) Sliding friction at uniform velocities on a horizontal plane. 

(83.) Friction of belts on the surface of cast iron pulleys. 
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(4.) Friction of wrought iron journals in boxes or bearings 
of different materials. 

(1.) Shding friction down an inclined plane.—A full descrip- 
tion of the apparatus used, and some of the results obtained, will 
be found in this Journal, March, 1876; also in Van Nostrand’s 
Eclectic Engineering Journal, June, 1876. It is sufficient for my 
purpose to say that the sliding body was made to carry a smoked 
glass, upon which was traced a waved line, which by direct 
measurement gave the time of sliding and the spaces passed 
over, from which it was easy to compute the corresponding 
coefficients of friction. In the article referred to, no velocities 
less than two feet a minute were examined. An extension of 
the same experiment, to the case of much lower velocities, 
showed a curve concave toward the time line, indicating that 
at these velocities the coefficient of friction was increasing. As 
the velocities increased, the line changed its direction and be- 
came convex toward the time line; thus giving in the limits 
of one experiment a verification of the statements made above. 
For further particulars respecting this method of experiment, I 
refer to the article published in March of last year. 

(2.) Shiding friction at uniform velocities on a horizontal plane. 
—A heavy pine plauk, fifteen feet long, whose surface had been 

laned, was carefully leveled on the floor of the laboratory. 

he weight-box was mounted upon shoes which could be cov- 
ered with the material experimented upon. ‘To its forward end 
a spring dynamometer was attached, which was pulled by a 
cord wound around a drum, which was made to revolve ata 
constant velocity. The motive power was a fifteen horse-power 
Corliss engine, belonging to our machine shop, whose fly-wheel 
runs with great regularity at the rate of sixty revolutions a 
minute. A shaft from the shop runs underground to the cellar 
beneath my laboratory, whence through several countershafts 
the power is transmitted to any part of the room. By means of 
change pulleys, I can easily command a great range of veloci- 
ties. 

The experiments were made by drawing the box along the 
plane at various velocities, and reading the friction from the 
dynamometer. This combination answers very well for low 
velocities, but the slide can not be easily stopped when the 
speed is great. 

Several series of experiments were made, with wood on wood, 
also with leather on wood. The results verify the first part of 
my statement, that the coefficient of friction increases with the 
velocity, when this is small. The following are some of the 
results obtained by this method of experiment. 
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Taste .—Pine on pine. Slide loaded with 100 lbs. Velocity in 
inches in a minute. 


V. Coefficient of Friction. 


Taste IL.—Leather on pine. Slide loaded with 100 lbs. Velocity 
in inches in a minute. 
Coefficient of Friction. 


These experiments show the increase of friction with the 
velocity at low speeds quite clearly; and in connection with 
the series published last March, which showed its decrease at 


high velocities, would prove the high probability of the law as 
I have stated it, especially since the experiment on the inclined 
plane has been made to show a variation of the coefficient from 
a low value, through a maximum, to a low value again, while 
the velocity constantly increases. 

(3.) Friction of belts on the surface of cast iron pulleys.—A_ piece 
of leather belting was hung over a cast iron — To one 
end a determined tension was given by a fixed weigiit; to the 
other end was attached a spring dynamometer. The tension of 
the ends of the belt being known, the coefficient of friction was 
easily found. Several pulleys were used, and various kinds of 
belting ; and a considerable range of tensions was employed, 
with uniform results. 

Two tables are here given, one selected to show the increase 
of the coefficient at low speeds, the other to show the existence 
of a maximum coefficient at a definite velocity. In the third 
table, the first column gives the velocity in feet in a minute; 
the second and third give the tensions of the ends of the belt; 
and the fourth yives the relative values of the coefficients found, 
the maximum in each case being represented by 1:00. I give 
relative values, since they show variations more clearly than 
the absolute values. 
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Taste III, 


In the following table only velocities and relative coefficients 
are given. ; 
Taste IV. 


(4.) Friction of wrought iron journais in boxes of different mate- 
rials.—In this course of experiments a modification of the fric- 
tion brake was used. A description of the arrangement in one 
series will serve for all the others. A shaft 1” in diameter was 
adjusted so that it could be driven at almost any rate between 
one revolution in two days and 1,000 ina minute. A hole was 
bored through a block of cast iron 34” x 84” x 14”, and carefully 
fitted to the shaft; rigid iron rods were screwed into the top 
and bottom of this block, and adjusted to stand in a vertical line 
at right angles to the shaft. Upon these rods slotted weights 
could be placed, and thus the pressure upon the shaft and the 
center of gravity of the brake could be readily adjusted. Upon 
the front of the block a plane mirror was fastened, and before 
it, at a convenient distance, were placed a scale and telescope. 
When the shaft was turned, the friction between it and the 
brake caused the latter to turn until the moment of the friction 
was equal to that of the brake, and the angle at which this 
— was established could be read from the scale by the 
telescope. As the center of gravity was always adjusted so 
that the brake never revolved through an angle of more than 
three degrees, the scale readings were approximately propor- 
tional to the coefficient of friction; and since relative and not 
absolute results were sought for, the labor of reduction was 


356 
V. Te. C. 
37 30 13 42 
52 30 123 
11 30 114 
2°3 30 104 53 
2°9 30 10 55 
4°4 30 94 58 
15°4 30 64 ‘78 
34°1 30 53 86 
80°3 30 44 
104°5 30 4} 99 
228°8 30 1°00 
. C. 
_ 


A. S. Kimballi—Laws of Friction. 857 


not undertaken. Several tables will be given to illustrate the 
method of conducting a series of experiments with this appa- 
ratus. 
Taste V. 
Wrought iron shaft, 1” diam. ; box, cast iron, 14” long; load, 100 Ibs. 
Shaft well oiled. 
Velocity of the circumference of the shaft. 
No. 1, 72". No. 2, 272”. No. 3, 605”. No. 4, 1320’. 
Scale readings 


525 
525 


519 497 486 
Position of equilibrium 464 464 464 


Defiections f 33 22 


Relative values of the coefficient of friction. 
No.1, 1:00. No.2,°60. No. 3,°40. No. 4,29. 


The results given above were made with high velocities, and 
show coefficients of friction decreasing as the velocity increases. 

The results of a similar series with very low speeds are 
given in the next table. 


Taste VI. 


Velocity of the circumference of the shaft: No. 1, 007"; No. 2, 
027"; No. 3, 060"; No. 4, °132” in a minute. 
No. 1, ‘87. No. 2, ‘51. No. 3, ‘73. No. 4, 1°00. 


These results, unlike those of the former table, show a coeffi- 
cient of friction increasing as the velocity increases. 

A large number of experiments similar to those given above 
have been made with uniform results. 


515 500 
515 495 
515 495 
515 485 
520 485 
520 485 
520 485 
520 490 
525 * +80 

525 480 
525 475 
480 
485 
480 
464 
16 
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I have been able to verify experimentally the law stated 
early in this paper in the following cases: wood sliding on 
wood, wood on iron, leather on iron, zinc on iron, and copper 
on iron; aud to obtain results verifying the first half of the 
law in the case of leather on wood. ' 

The experiments above detailed make it easy to explain the 
various results obtained by the three authorities quoted at the 
beginning of this paper. Morin experimented under conditions 
which gave him a coefficient very near the maximum, and thus 
his results are approximately constant. Bochet experimented 
with railway trains, his conditions were high speeds, hard 
rubbing surfaces, and great intensity of pressure. All these 
circumstances are favorable to the result he obtained, namely, 
a coefficient decreasing as the velocity increases. Hirn, on the 
other hand, employed very light pressures, less than two pounds 
on a square inch, and kept his rubbing surfaces so thoroughly 
lubricated that the friction was between oil and oil instead of 
two metal surfaces: his speeds were not very great. These 
conditions are precisely the ones I have found favorable to the 
results he reached,—a coefficient, increasing as the velocit 
increases. It would be very easy to form a theory whic 
would account for the variation of friction with the velocity, 
under the rule I have given. 

It is well known, that if a given deflection in a bar is pro- 
duced by a weight acting for five seconds, for example, that 
the same deflection may be produced, by a less weight, acting 
for a longer time. Now, as the force required to overcome 
friction is, partially at least, expended in bending down the 
minute irregularities on the surface of the rubbing bodies, it 
becomes evident how, other things being equal, a rapid motion 
would call for the exertion of a greater force than would be 
required if the motion were slow. 

On the other hand, the longer two surfaces under pressure 
are in contact the greater must be the interlocking of the irregu- 
larities upon the rubbing surfaces. On this account a rapid 
motion would not require the expenditure of so great a force to 
overcome the friction. Thus, we have two effects, varying 
with the velocity, but having opposite signs. Now it is not 
probable, from the nature of the case, that these effects are 
numerically equal, or even proportional, and thus we can, at 
the least, say that the conditions are favorable to the existence 
of a maximum resultant effect. Having, however, ascertained 
the fact by experiment, the explanation becomes a matter of 
minor importance. 

It may be said that these facts have no practical importance 
at the velocities ordinarily employed. I would call attention 
to Table V, where it will be seen that by increasing the veloc- 
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ity of shafting within the limits of ordinary shop practice, a 
reduction of the coefficient of friction of quite fifty per cent 
may be made. The pressure on the shaft might also be reduced, 
for it would be unnecessary to maintain so great a tension upon 
the belts, and thus in some cases a very considerable economy 
of power might be effected. We know that in many shops a 
large fraction of the power developed by the engine is expended 
in overcoming the friction of the shafting and machinery. 

On the other hand, it is desirable that the friction of the belt 
upon the pulley should be as great as possible. The conditions 
usually met with, which determine the friction of belts, are, 
low intensities of pressure, a rubbing surface which yields with 
considerable ease. In such cases a high speed is needed to 
develop the greatest amount of friction. See Tables III and 
IV. 

I am under obligations to Messrs. Butterfield and Wilson, 
who have rendered me valuable assistance in conducting the 
experimental work of this investigation. 

hope soon to be able to give tabulated results, which may 
have a certain practical value to working engineers. 


Art. XLI.—Hzamination of American Minerals. No. 6.— 
Description of Columbic Acid Minerals from new localities in 
the United States, embracing x reclamation for the restoration of 
the name Columbium to the element now called Niobium. 
Description and analyses of Columbite, Samarskite, Huxenite, 
and Fergusonite, and the new species Hatchettolite, and Rogersite ; 
by J. LAWRENCE SmirTu, Louisville, Ky. 


Ir is the common practice of all American chemists and min- 
eralogists to speak of the metal which is called Niobium by 
English and continental chemists, as Columbium. This is emi- 
nently just, since the metal was discovered and well detined, and 
named columbium, forty-five years before the name niobium 
was given to it. The change of name was caused by a double 
mistake, in no way connected with the original observations in 
1801 by Prof. Hatchett of England. 

These mistakes arose as follows:—In the first place, Eke- 
berg discovered in 1802 a supposed new metal which he called 
tantalum, but which a short time afterward was regarded as 
identical with columbium; and for forty-five years tantalum 
and columbium were synonymous terms in all works on chem- 
istry, although Wollaston suspected their dissimilarity; sec- 
ondly, when H. Rose made his well-known exhaustive 
researches on the columbite of Bodenmais, he showed that this 

Am. Jour. ne Series, VoL. XIII, No. 77.—May, 1877. 
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mineral contained not one but two metallic acids; one of these 
was tantalum, and the other he supposed to be a new metal 
which he named niobium.* 

Subsequent examination, however, convinced Rose (and his 
conclusions have been confirmed by others who have repeated 
his experiments), that the two metallic acids obtained from the 
Bodenmais columbite were really the original columbic acid of 
Hatchett, discovered in 1801, and the tantalic acid discovered 
by Ekeberg in 1802. Instead, however, of calling the first 
mentioned acid niobic acid, its original name should have been 
left to it. The result of Rose’s researches was in fact simply 
the demonstration of the actual difference of columbium and 
tantalum ; for Hatchett’s discovery was clear, precise, and well 
made out, and has never been controverted. 

This being a correct summary of the history of the composi- 
tion of the columbium minerals, it is but mght, just, and in 
accordance with chemical and mineralogical precedence, that 
the name given by the discoverer should calies that of nio- 
bium, which originated forty-five years later. 

A point of less importance, but worthy of some considera- 
tion, is, that this element derived its name from the country-in 
which it was discovered, it being the first and up to the pres- 
ent time, the only element discovered in that part of America 
usually named Columbia. 

In addition to the above, an interesting fact connected with 
the minerals of this group, is, that all the varieties, save one or 
two, have been discovered in greater quantities and in larger 
crystals in the United States than in other known localities ; 
for crystals of columbite weighing from one-half to seven 
kilograms have been found at or near the locality where the 
specimen was obtained that was sent to Hatchett, and several 
other localities far removed from the original one have since 
been brought to light. More recently, the highly interesting 
and rare columbate, samarskite, has been discovered in a local- 
ity in North Carolina, aud already at one spot five hundred 
kilograms have been taken out. Among the minerals from this 
last locality, besides the samarskite and columbite, I have 
detected two new columbates, and also goud specimens of 
euxenite. More recently, I have found columbite embedded 
in those remarkable crystals of green feldspar— Amazon stone— 
coming from E] Paso County, Colorado, and which are the 
admiration of all mineralogists. 

Besides the above, fergusonite in fine specimens, although 
small in size, has been found in the granite formation of Rock- 
port, Mass. In fact, if we look at the localities of columbium 


* H. Rose still supposing that this tantalum was the same as what was known 
equally well as columbium. 
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minerals on the North American continent, they will be found 
to range from Greenland in the north to Carolina in the south, 
from Massachusetts on the east to Colorado on the west.. 

After these remarks in reference to the restoration of the 
name columbium among the elements, replacing that of nio- 
bium, I will detail my researches upon the more recently dis- 
covered columbates. 


Columbite from North Carolina. 


This mineral has been found during the past few years at the 
mica mines in Mitchel County, and in Yancey County near 
Burnsville, in the State of North Carolina. It occurs in rocks 
belonging to the same epoch as those in which the samarskite 
was discovered, and which will be mentioned more fully when 
the latter mineral is described. , 

There is nothing peculiar or striking in the crystalline form 
of the mineral as found at this locality ; many of the crystals 
that have come under my observation have been compressed 
and distorted, as is not unfrequently the case with minerals 
associated with mica. Most commonly I have seen it in irreg- 
ular lumps weighing from five to one hundred grams. Sev- 
eral pieces have been sent to me under the supposition that 
they were tantalite, but in no instance have I found it to be the 
case, the specific gravity never exceeding 5% to 5°6. 


The specific gravity of the columbite as obtained both for 
the crystals and for the massive variety is as follows: 


Crystals 
Massive 


The analyses of both varieties show that they are chemically . 
identical The average of several analyses which agreed very 
closely, is: 


Columbie acid* 

Tungstic and stannic acids -- -- 

Tron 
Manganese ---- 8°60 
Copper oxide...........-.... trace 


99°17 


The distinctive peculiarity of the composition of this colum- 
bite is the large amount of manganese oxide compared with 
that of the iron in the massive variety, it being greater than 
that given in the analysis of any other columbite. 

* T refer to the metallic acid in the analyses in this paper as columbic acid from 
the fact that the tantalic acid which accompanies it is only in small quantities, 
and also because none of the methods proposed for separating the two acids have 
given satisfactory results in my hands. 


80°06 
| 
14°14 
5°21 
8 6100°62 
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Columbite from Colorado. 


‘Among the. magnificent and gigantic crystals of Amazon- 
stone recently discovered in El Paso Co., Colorado—and so 
energetically explored by A. E. Foote—some specimens were 
shown me having small black acicular crystals imbedded just 
beneath their surface. Carefully detaching them from the feld- 
spar, by no means an easy task, and examining the crystalline 
form, and subsequently the chemical composition, I found them 
to be columbite. A few small and well-marked crystals have 
been detached; the largest was a flattened, imperfect crystal, 
weighing one and one-half grams. Most commonly they 
are only in the form of black elongated specks. A small 
amount of the pure mineral that was separated enabled me to 
make out its composition, although I could not obtain enough 
for a very careful quantitative examination. The examination 
made gave a very low specific gravity; it was taken on ‘600 
gram, and is 5°15. Analysis of 600 gram gave 


Columbic acid 

Manganese protoxide -..-.- 


Samarskite. 


A few small specimens of this rare mineral from North Carolina 
have been in cabinets for several years, but its exact locality 
and the nature of its occurrence were first made known in 
April, 1873, through the agency of Joseph Wilcox of Philadel- 
phia, and amg. gene by the investigations and collections 
made by Rev. J. Grier Ralston of Norristown. Not having 
visited the locality myself, I have obtained my information 
concerning it from the above mineralogists. It is found in 
Wiseman’s mica mine, Greesy Creek Township, Mitchel County, 
near North Toe River, North Carolina. It was obtained while 
extracting the mica, principally in a kind of pocket in the 
mine, the miners calling it black mineral. Mr. Ralston was very 
active in having it collected, and in 1875, there had been accu- 
mulated about 400 kilograms of the mineral, which was brought 
away from the mine by him; since that time only a little of it 
has been taken out of the mines, but in all probability, it will 
be found again in more or less abundance. Prior to this dis- 
covery, the largest pieces of samarskite, found in the Ural local- 
ity, were of the size of hazel-nuts; these occur imbedded in a 
reddish brown feldspar. 

Its geological position is in crystalline rocks, in what may be 
called a coarse granite; the minerals of which rock are not 


sax 
--- 14°14 
coe 
*50 
98°86 
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granular, but exist in large masses, so that in extracting the 
fine blocks of mica, these are readily detached from the other 
constituents of the granite. The samarskite is generally. in 
close relation to the feldspar, which last, in all the specimens I 
have seen, was more or less disintegrated ; this arises no doubt 
from the proximity of the samarskite to the surface, it not 
having been found as yet in the unaltered granite. 

For some time after the discovery of this mineral, mineralo- 
gists were not agreed as to its being samarskite, no crystals 
having been found by which to establish its identity, and the 
partial analyses made not giving concordant results. This dis- 
crepancy arose, however, from the intermixture of other min- 
erals, three of which I have detected, two of them being new. 

On one occasion I took a specimen of very compact mineral, 
perfectly clean, and to casual observation perfectly uniform in 
color and texture; on breaking off a portion from one end of 
it and taking the specific gravity, 1 found it to be 5221, which 
was so much lower than that of samarskite that I passed it over 
to my assistant for reéxamination. His results corresponded 
exactly with mine. 

I then broke off a piece immediately contiguous to the one 
already examined and found its specific gravity 5°682, being 
that of samarskite. On examining the first piece by breaking 
off thin scales, I could detect that a portion of them had a very 
dark brown luster, produced by the mixture of some euxenite, 
a mineral that I have discovered pure and in all stages of mix- 
ture with the samarskite. There is no difficulty, with some 
little experience, in obtaining any quantity of this mineral with 
its usual characters. 

Aspect of the finest specimens.—Intense jet black, and when 
broken having a large brilliant conchoidal fracture, perfect, 
even, and smooth, with the luster vitreous. 

It iz exceedingly brittle, breaking like black obsidian, with 
very sharp edges; any one seeing it broken for the first time 
would take it for black obsidian, until handled, when its weight 
would indicate that it was another mineral. All the pieces of 
pure samarskite are not equally brilliant in fracture as above 
described, but approach to it more or less. 

Hardness.—I should say that it was 55 to 6, nearer 6, but 
owing to the brittleness of the mineral it is not easy to fix its 
exact hardness. 

Specific gravity.—b5 ‘72. 

Crystalline form. —I am indebted to Mr. Ralston for the 
inspection of the only specimens from which its crystalline 
form could be made out, and these have been thoroughly 
described and studied by Mr. Edward 8S. Dana; the examination 
made by this skillful crystallographer is to be found in this 
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Journal, March, 1876, page 201; he also first published an 
account of the region in which it is found, and gave an account 
of the associated minerals. ' 

Composition.—This mineral from North Carolina has already 
been examined three times. In 1852, Prof. 'T. Sterry Hunt 
examined a small piece of the mineral, less than one gram, said 
to have come from Rutherford County; again, Miss Ellen H. 
Swallow has given a most excellent analysis of the samarskite 
from Mitchel Co. agreeing with those made by myself as nearly 
as the analyses of such a mineral can be expected to do when 
made on different specimens ; and finally, Prof. Allen has made 
an analysis, which 1s to be found on p. 840 of Dana’s Text Book 
of Mineralogy (March, 1877). The following are the analyses, 
(1) of myself, (2) of Miss Swallow, and (8) of Prof. Allen. 


(1) (2) (3) 


Columbic acid .................55°18 54-96 37°20 
18°60 
Tungstic and stannic acids__...-. 0°31 0°16 0°08 
Certum oxides*® ................ 494 5°17 4°25 
ee 10°96 9°91 12°46 
Manganese protoxide...........- 1°53 10°91 0°75 
... 14°02 10°90 
0°55CaO 
Lees by ignition ............... “72 0°52 1°12 
Insoluble residue from cerium oxide . 1°25 
99°12 100°36 


The late Heinrich Rose, in describing the samarskite of . 
Miask, gives an analysis by Finkener and Stephans,t which dif- 
fers from the analysis previously made, as well as from those 
now detailed, indicating the presence of four per cent zirconia, 
and six per cent of thoria. The announcement of the presence 
of the latter named oxide has been one of the causes of the 
delay of my publishing this paper, for I desired if possible 
to verify the results of Finkener and Stephans It is only 
recently that I have obtained a few grams of pure Miask sa- 
marskite, from the School of Mines of St. Petersburg, through 
Prof. Norpé, but all of this, except about 1$ grams, was lost 
after reaching me, so I have not been able to do more than 
make an imperfect examination; and this examination shows 
that there is some difference in the earthy oxides from those in 
the North Carolina specimens, the exact determination of which 
I must postpone for some future occasion. 

* T record these oxides as cerium oxides, but I am not altogether satisfied in 
regard to their true nature and proportion of the respective oxides, which are now 


undergoing a chemical examination. 
¢ Verhandlung. Min. St. Pet., 1863, 13. 
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Euxenite. 


In examining portions of the samarskite, that was surrounded 
by decomposed feldspar, I detected a mineral not having the 
intense black of the samarskite, but of a brownish color with a 
streak and powder much lighter than that of samarskite ; and in 
tg my researches further, the mineral was obtained still 

ighter, of a hair brown color, the powder being of an ash color. 
In thin fragments it is translucent; the fracture is subconchoidal, 
but in most instances irregular, with a resinoid luster. 

Tts aspect made it very evident that it was something different 
from the samarskite, and an examination proved this opinion 
correct, and established its true mineralogical position. 

No crystals have been found, so it is not possible to establish 
its identity in crystallization with euxenite; but all its other 
physical and chemical properties are those of that mineral. 

The specific gravity of pieces taken from different specimens 
was respectively 45938, 4°620, 4642. On analysis it was found 
to contain 


Columbic acid . Uranium oxide 

Tungstic and stannic acid -. Manganese protoxide. . - 

Yttrium and cerium oxides 24°10 _Iron protoxide 31 
i 


99°58 


The columbic acid was tested most carefully for titanic acid, 
both by fusion with bisulphate and with carbonate of potash, 
but none of it could be detected; only 5 milligrams of a resi- 
due was obtained as a result in these analyses, and it is well 
known to analysts that this is most probably attributable to 
columbic acid. 

I need hardly insist that the above properties belong to the 
mineral euxenite; they approaching closely that from Tromoen, 
analyzed by Strecker, except, that this chemist makes as much 
as sixteen per cent of the metallic acids to be titanic acid. 
This euxenite represents a purer type of a columbate than most 
of those of which analyses are given, while it is also remarkable 
for the small quantity of iron oxide in it; being a hydrated 
columbate of yttria, uranium and lime. 


Hatchettolite—a new Columbate. 


This is an additional one of the series of columbic acid min- 
erals found with the samarskite of North Carolina. My atten- 
tion was first called by Mr. Ralston to some octahedral crystals 
that he had diligently uncovered from the disintegrated feld- 
spar, which had to all appearance some connection with the 
samarskite. He had sent two or three of these crystals to 
Edward S. Dana some time before, and this last mineralogist 
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was inclined first to refer it provisionally to pyrochlore, but 
finally on account of its high specific gravity suggested its pos- 
sible relation to microlite. (See this Journal, March, 1876, page 
204). No further steps having been taken to settle the charac- 
ter of this mineral, I undertook its examination on specimens 
furnished me by Mr. Ralston, and also on a specimen I after- 
ward found in carefully examining the altered gangue of the 
samarskite in my possession. 

The result has been the establishing of a new mineral of this 
series, which I have called Hatchettolite, from the discoverer of 
the element columbium. It occurs in regular octahedrons, but 
of the six crystals that I have examined, all have the cubic 
planes and the form 3-3, and E. S. Dana observed the same on 
the crystals he examined. 

In referring to these modifications, I would state that, among 
eight or ten crystals of pyrochlore seen by me I have never 
observed them, although this last mineral is found with them, 
as may be seen in M. Kokscharow’s magnificent work on Rus- 
sian minerals. I could not detect any distinct cleavage. Its 
hardness is about 5; perhaps a little over. Specific gravity: 
that of a fine small crystal was found to be 4°851; of small 
fragments well selected from a large crystal that had mica in 
some part of it, 4°785. Prof. Brush obtained (as quoted by E. 
S. Dana) 4°794. 

It is well to add here the specific gravity of a very fine 
— of pyrochlore, weighing one and one-half grams; as 
taken by myself, it is 4°25. That of microlite—another octa- 
hedral columbate,—by Shepard and Hayes, is 5°484. 

Color of Hatchetiolite—Yellowish brown with a grayish opa- 
lescence ; on heating to redness becomes of an opake greenish 
yellow ; luster resinous; fracture subconchoidal. 

Composition.—I made three analyses, the first two on frag- 
ments from the specimens of Mr. Ralston, and the third from 
@ specimen in my own collection. The mineral was broken 
into pieces from 2 to 4 mm. in diameter, and then carefully 
selected under the glass to avoid admixture of any other min- 
eral. Thus selected it was found to contain: 


Columbice acid 66°01 67°86 
Tungstic and stannic acids. 60 
Uranium oxide. ... .-..-- 15°20 

7°72 
Yttria and cerium oxide... 2°00 
Tron protoxide 
1‘21 not estimated 
Water—lost by heat ‘ 4°42 5°02 


99°42 100°18 99°06 
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It will be seen that the special difference between this min- 
eral and pyrochlore is that its predominating base is uranium 
oxide, which last mineral, according to Wohler’s analysis of 
that from Miask, does not contain any of this oxide, though 
the analyses of others give a small quantity of it. It is to be 
supposed that Wohler examined the best and purest type of 
the mineral in that from Miask. 


Rogersite, a new columbate. 


On some of the samarskite, but more especially on the euxe- 
nite, a white crust was found adhering with some degree of 
firmness, and on examining it under the glass, it presented a 
mammillary structure, sometimes like little pearly beads. When 
on the euxenite it is more readily separated than when on 
samarskite. By pressing on it with a sharp point, it becomes 
detached in mall fragments. 

I have called this mineral Rogersite, in honor of the Ameri- 
can geological Nestor, Wm. B. Rogers, whom we all delight to 
honor for his important labors in scientific and economic geol- 
ogy, from an early date up to the present day. 

The quantity that has as yet been discovered is very small. 
Mr. Ralston possesses the finest specimen, which is about the 
size of the hand, with four or five grams of this mineral on the 
surface, quite pure and very characteristic. I had to operate 
on a great number of small pieces carefully detached, which 
have enabled me to establish its true character. 

It is readily recognized by its well marked mammillary struc- 
ture even when the fragment is quite small. Its iasdent is 
about 35; specific gravity 3°313. 

I made two analyses, each time on small portions. The 
results furnished were : 


Columbie acid .----18°10 20°21 


In the second analysis, owing to an accident, the yttria was 
lost; the first also shows about 4 per cent not accounted for. 

These analyses are to be taken only as approximative, for 
before complete and reliable analyses of this mineral can be 
made, a larger quantity will be required The mineral is an 
interesting one, as being the first columbate discovered so 
largely hydrated. It has evidently resulted from the decom- 
position of either samarskite, or euxenite, or both. 


Fergusonite. 


Two years ago a dark brown mineral, with a remarkably 
bright and perfect conchoidal fracture, was shown to me by Mr. 
W. E. Knowlton of Boston, who obtained it from the granite 
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uarries of Rockport, but its nature had not been determined. 

he quantity then found was very small and only a portion of 
it was given to me; a short time afterward, I informed Mr. 
Knowlton that it was fergusonite, and requested him to look 
further for specimens. Since then but little more has been 
found, but enough was furnished me to make out its true char- 
acter, both physically and chemically, except its crystalline 
form. It is found particularly at one locality near the intersec- 
tion of two trap dykes. 

For a space covering about thirty or forty feet, masses of 
feldspar and quartz replace the granite, and it is in the feldspar 
that the Fergusonite is found, intimately associated with cyrto- 
lite, and sometimes even penetrating crystals of this last mine- 
ral. In the same feldspar, annite, cryophyllite, and fine crys- 
tals of smoky quartz are found. 

The mineral is of a fine dark brown color in the interior, with a 
clear conchoidal fracture; resinous luster ;* hardness 6; specific 
gravity 5°681; streak light brown; powder, ash-colored; but 
when heated to a bright red heat for fifteen minutes changing 
to a light greenish yellow color with a loss of 1°50 per cent. 


It corresponds very nearly in composition with the fergu- 
sonite from Greenland. 


Remarks as to the chemical character of the minerals described. 


The compositions of the columbates from the various locali- 
ties appear at first sight to be very complex and irregular, but 
if examined critically, and due allowance be made for the inter- 
mixture of these minerals, which intermixture cannot be 
detected on account of the similarity of color and fracture of 
the different minerals, this irregularity disappears to a greater 
or less extent. 

The first, and the one best known, columbite, is well recog- 
nized as a simple columbate of iron and manganese. 

Microhite, from what little we know of its composition, 
appears to be a columbate of lime. Pyrochlore is to be regarded 

* The action of a red heat on small fragments is to change their color to @ 
greenish yellow; but before this takes place, the fragments exhibit the phenome- 
non of glowing in a manner more striking than any specimens of gadolinite, a 


mineral remarkable for its glowing, that I have experimented with. From lack of 
material I did not take the specific gravity after heating. 


Columbic acid.................48°%5 
Tron and uranium oxides......-. °25 
Water (loss by heat) .......---- 1°65 
100°89 
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as a columbate of the cerium oxides and lime; whether or 
not a neutral columbate, further examination is to determine. 

Hatchettolite is doubtless a neutral columbate of uranium oxide 
and lime. Then, when we pass to the samarskite, we have a basic 
columbate of iron, uranium and yttrium oxides. Yétrotanta- 
lite and euwenite are basic columbates, the former anhydrous 
when pure, the latter hydrated, both being basic columbates of 
yttria and uranium oxides. 

Fergusonite is a hydrous basic columbate of yttria; and 
Rogersite is a hydrated columbate of yttria, still more basic. 

In making this general review of these minerals, of course I 
have not regarded those variable constituents existing in small 
quantities and replacing more or less one or other of the pre- 
ponderating bases of each species. 

The analysis and chemical study of the above Minerals. 

I have several points under this head to consider and to 
describe in detail; but it more properly belongs to another 
paper, which will supplement this, for I am now studying the 
earthy oxides associated with the yttria of the North Carolina 
minerals, which I am far from being satisfied contains cerium 
oxide, although some of the reactions of cerium oxide are 
obtained, a fact already mentioned in a note to the description 
of samarskite. I am separating the earths from one kilogram of 
the mineral, which when obtained will furnish material enough 
for the proper solution of this question. 


Art. XLIT.—On the Sensitiveness to Light of various Salts of 
Silver ; by M. Carry LEa. 


Sats of silver may exhibit sensitiveness to light in three 
several ways. They may exhibit a visible darkening, or they 
may receive a latent image, and this latent image may have a 
capacity of being rendered visible either by receiving a deposit 
of metallic silver or by decomposition by alkalies in connection 
with reducing agents. These two last mentioned phenomena 
are very distinct in their character, for in the first of them the 
. image is produced entirely by the addition of silver not previ- 

ously present. In the te Bo no silver whatever is added, but 
that portion of substance which received the direct action of 
light, undergoes decomposition by subsequent treatment. In 
both cases the action of light sets up a molecular change. The 
portions acted upon by light become, in the one case, more apt 
to attract a precipitate in the act of formation (for a e, 
silver precipitated by ferrous sulphate) ; in the other case they 
are more readily attacked by certain reducing agents. 
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The silver compounds which exhibit the greatest tendency 
to form latent images by the action of light are of course the 
iodide, bromide, and chloride. But the same tendency is shared 
to a less degree by other compounds, and the latent image 
formed upon them may belong to either of the above mentioned 
classes. The capacity of a certain number of silver salts to 
receive latent images, developable by a precipitate in the act 
of formation, was examined many years ago by Mr. Robert 
Hunt. Since then the matter has received but little attention, 
and if I am not mistaken, no investigations have at any time 
been made as to the capacity of silver salts other than iodide, 
bromide, and chloride to receive latent images of the second 
sort, viz: those susceptible of alkaline development, in the en- 
tire absence of silver nitrate. This subject I have recently 
examined with the following results: 

Soluble salts of acids capable of forming insoluble or nearly 
insoluble salts with silver were selected and the surface of very 
pure paper was impregnated with them. After drying, the 
papers were floated on a solution of silver nitrate, containing 
about twenty grams to the ounce, acidulated with half a drop 
of nitric acid, sp. gr. 1°28 to the ounce of solution. The excess 
of silver nitrate was then washed out. One set of papers were 
then simply dried, another set were soaked for about a minute 
in a ten grain solution of gallo-tannic acid, and then again washed. 

The salts thus formed on the surface of the paper were ex- 
posed to a strong diffuse light for, in some cases, twelve seconds, 
in others, seven. They were then submitted to the action of a 
very weak solution of pyrogallol, ammonium carbonate and 
potassium bromide, the latter used to check the rapidity of the 
action of the other agents. 

Silver citrate and tartrate both gave rather weak images. The 
citrate showed a strong tendency to irregular reduction. 
Nothing of this appeared in the case of the tartrate. 

Silver platinocyanide gave quite a strong image, stronger than 
any other substance tried, except of course the silver bromide 
used for comparison. 

Silver mucate gave a very faint image with much irregular 
reduction. 

Silver pyrophosphate behaved in the same way. 

Silver arsenite gave a moderately strong image, coming next 
to the platinocyanide, and like it, clear and free from all irregu- 
lar reduction. 

Silver sulphocyanide, an extremely faint image ith much 
irregular reduction. 

Silver antimonio-tartrate, a weak image entirely free from 
irregular action. 

a fulminurate, weaker than the last mentioned, but also 
clear. 
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Silver nitrite, similar to the last. 

Silver hippurate, an excessively faint image with much irregu- 
lar reduction. 

The following substances showed (with the above mentioned 
exposures) no trace of a latent image: 

Silver salicylate, Silver tungstate, 
“valerate,  ferrocyanide, 
succinate, nitroprusside, 
sulphite, chromate, 
resinate, carbonate, 
phosphate, oxalate. 
metaphosphate, 

As these experiments were strictly limited to the subject 
under investigation, viz: production of latent images capable of 
development by the action of pryrogallol and ammonia it must 
be understood that the insensitiveness spoken of is insensitive- 
ness to this particular action with a rather brief exposure, and 
under the conditions mentioned. And this action is that to 
which the iodide, bromide, and chloride, exhibit their highest 
degree of sensitiveness, rendered evident by an exposure very 
much shorter than that given in these investigations. 

As respects the action of tannin, which action was separately 
investigated with respect to every one of the above salts, it 
appeared that no substance, insensitive in the absence of tannin, 
acquired sensitiveness by its presence. It was also doubtful if 
in any case tannin increased the sensitiveness of any of these 
substances, a fact which, in view of the increased sensitiveness 
conferred by tannin on the silver haloids, is remarkable. 

Philadelphia, March 22, 1877. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuHysics. 


1. Chemical Actions of the Silent Electric Discharge.—BERTHE- 
Lot has published in full his memoir on the various chemical 
actions which he has observed to be produced by the silent elec- 
tric discharge (effuve electrique). The first part treats of the 
absorption of nitrogen by organic substances under these condi- 
tions, and has already been noticed in these pages. ‘The second 
part treats of the same absorption under the influence of atmos- 
pheric electricity, the experiments being made at the Meteorologi- 
cal Observatory of Montsouris, one armature of the apparatus 
being put in contact with the earth and the other with a layer of 
air two meters above it, the difference of potential being measured 
by means of a Thomson-Branly electrometer. Twelve tubes were 
employed, in five of which moistened filter paper was placed, in the 
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second five moistened dextrin, while the last two contained internal 
armatures of silver and were filled with oxygen in order to detect 
the formation of ozone. Two of each of the five tubes were filled 
with pure nitrogen, two of each with ordinary air, while the 
remaining one of each sort was left open to the air. The experi- 
ments continued from July 29 to October 5, 1876, the mean elec- 
tric tension being that of 3°5 Daniell cells, though it varied from 
+ 60 to — 180 during the two months. In the ten tubes contain- 
ing nitrogen or air, the nitrogen was fixed by the organic substance 
forming an amide which soda-lime decomposed at 300° to 400°, 
yielding ammonia. The third part considers the importance, in 
view of the facts above described, of studying in a connected and 
methodical manner the electric state of the atmosphere, since the 
fixation of nitrogen in this way must play an important part in 
the fertilization of the soil, in the theory of fallowing, and in the 
development of plants and agricultural products. In the fourth 
part, Berthelot considers the absorption of free hydrogen by 
organic matters under the same circumstances. Benzene absorbed 
250 times its volume of hydrogen, yielding a polymer of C,H,. 
Turpentine oil and acetylene acted similarly ; the latter yielding a 
solid polymer which on heating yielded ethylene, crotonylene, and 
ethyl hydride. The fifth part treats of the formation and decom- 
position of binary compounds by the silent discharge. A mixture 
of one volume nitrogen and three volumes hydrogen yields three 
per cent of ammonia, while ammonia is decomposed yielding three 
per cent of its constituent gases. Sulphurous oxide yields ten per 
cent of free oxygen and insoluble sulphur. Carbonous oxide 
yields Brodie’s hypocarbonous oxide C,O,. In the sixth part the 
various forms of apparatus used by the author in these researches, 
are described.— Ann. Chim. Phys., V, x, 51, Jan. 1877. G. F. B. 

2. Is Nitrogen oxidized by Ozone in presence of Alkalies ?— 
The statement made by Schénbein in 1849, that ozone united 
with free nitrogen in presence of alkalies to form nitrous compounds, 
is generally accepted, as furnishing an important basis for the 
received theories of nitrification, BErrtHELtot has examined the 
question anew, taking care to avoid the causes of error existing 
in Schénbein’s experiments, two in number; first the use of lime 
water, which generally contains nitrates; and second the use of 
unwashed ozone from the phosphorus, which contains nitrous com- 
pounds produced in the slow oxidation of the metalloid. Oxygen 
collected over boiled water was ozonized by the silent discharge, 
and four liter flasks were three-fourths filled with it, the other 
fourth being filled with air. Ten c. c. baryta water were placed in 
each and allowed to remain over night. Although the ozonized 
oxygen contained twenty-three milligrams of ozone in a liter, not 
a hundredth of a milligram of nitrate was formed in the four flasks. 
Air ozonized by phosphorus and allowed to stand twenty-four 
hours, and which contained 5°7 milligrams ozone per liter, gave 
less than a twentieth of a milligram of nitrate; essentially the 
same result. The author concludes therefore that ozone does not 


| 
‘ 
~ a - 


Chemistry and Physics. 878 


oxidize nitrogen under these circumstances.—Bull. Soc. Ch., II. 
xxvii, 160, Feb. 1877. G. F. B. 

3. On the Equivalence of Nitrogen.—Victor has replied 
to the paper of Ladenburg and Struve, noticed in the April num- 
ber of this Journal, and states that he has carefully repeated their 
experiments, but with an entirely different result. So far as the 
question of the decomposition of triethylbenzylammonium iodide 
and the non-decomposition of benzyltriethylammonium iodide on 
evaporating their solutions, is concerned, Meyer finds that neither 
body yields a trace of benzyl iodide on evaporation; and hence 
that the “ prignante Unterschied” between these bodies, upon 
which the assertion of the non-equivalence of the bonds of nitrogen 
rests, has no existence. The author supposes that the salt used by 
Ladenburg and Siruve contained some dibenzyldiethylammonium 
iodide, a body which gives benzyl iodide on distillation.—Ber. 
Berl. Chem. Gres., x, 309, March, 1877. G. F. B. 

4, A new metallic element, Neptunium.—HrERMANN has made an 
exhaustive research on the metals of the tantalum group, in which 
he not only claims to have established the existence of his element 
ilmenium, but also the discovery of another metal, belonging to 
this group, which he calls Neptuniwm. The mineral worked on 
was labelled tantalite from Haddam, Connecticut; but proved on 
examination to be columbite and ferroilmenite in equal parts. 
The metallic oxides separated from the mineral consisted of Ta, 
O, 32°39, Cb,O, 36°79, 11,0, 24°52, Np,O, 6°30. To obtain the 
neptunium, the pulverized mineral was fused with hydro-potassium 
sulphate, the acid hydrates digested with ammonium sulphide and 
hydrochloric acid, washed well with water, dissolved in hydro- 
fluoric acid, mixed with an equivalent quantity of potassium 
fluoride, and the solution diluted to forty parts boiling water to 
one of fluoride. On cooling, tantalum-potassium fluoride crystal- 
lized in delicate prisms. On evaporation, columbium-potassium 
fluoride apd ilmenium-potassium fluoride crystallized out, leaving 
an acid mother-liquid. This was diluted with twenty parts water, 
heated to boiling and sodium hydrate added in excess. An amor- 
phous precipitate of sodium neptunate was formed, mixed with 
minute crystals of columbate. The precipitate was collected ona 
filter, pressed out, and boiled with twenty-five parts of water. 
The columbate dissolved, the neptunate remained. The latter was 
fused with hydro-potassium sulphate, the fusion was treated with 
boiling water and the undissolved residue of neptunic acid washed 
and dried over sulphuric acid. Neptunic acid resembles in gen- 
eral the other acids of the group, but is distinguished from colum- 
bic and ilmenic acids by the insolubility of the sodium double 
fluoride and from tantalic acid by the ready solubility of its 
potassium double fluoride. Neptunic acid gives with phosphorus 
salt in the inner blow-pipe flame a wine-yellow bead, the sodium 
salt a gold-yellow glass, while tantalic acid gives no color, colum- 
bic acid gives blue and ilmenic acid gives brown. With tincture 
of galls, the sodium salts give, on addition of hydrochloric acid a 
sulphur-yellow precipitate with tantalic, orange with columbic, 
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brick-red with ilmenic, and cinnamon-brown with ,neptunic acid. 
Boiled with tin and hydrochloric acid neptunie acid gives, like 
columbic and ilmenic acids, a blue solution. From the pure crys- 
tallized double potassium fluoride, the atomic weight of neptunium 
was fixed as 118, its atomic volume as 18, and its specific gravity 
as 6°55. The formula of the acid is Np,O,, (H,0), « The 
sodium salt crystallizes in prisms. ‘The author prepared metallic 
columbium and ilmenium in the pure form and determined the 
amount of oxygen taken up by these metals on heating them in 
the air. Columbium required 20°49 and ilmenium 37°96 of oxy- 
gen; the amount obtained by Rose being 20°60 and by Marignac 
38°00. Rose, therefore, it is clear, had pure columbium ; while it is 
equally clear, according to Hermann, that Marignac must have had 
nearly pure ilmenium. This is stated to be a necessary result from 
the method of preparation. After crystallizing out the tantalum- 
potassium fluoride, Marignac evaporated and re-crystallized, ob- 
taining a nearly pure ilmenium-potassium fluoride, from which he 
prepared his metal. Hermann’s paper concludes with an account 
of his methods of separating the metals of this group, and descrip- 
tions of their compounds.—/. pr. Ch., Il, xv, 105, Feb. 1877. 
G. F. 
5. On the Phosphorescence of Organic Liquids.—Ravziszewskl, 
having had his attention called to the phosphorescence of lophin 
when acted on by potassium hydrate and oxygen, has extended 
his observations to other bodies and finds that paraaldehyde, 
metaaldehyde, aldehyde-ammonia, furfurin, hydroanisamide, anisi- 
dine, hydrocumamide, and hydrocuminamide, have all the same 
perty. Since these bodies are all either aldehydes or ammonia 
erivatives of aldehyde, their luminosity may be due to the oxida- 
tion of the aldehyde. He therefore examined formic aldehyde, 
and observed a bright phosphorescent light when its solution in 
alcohol potash was agitated, and the formation of potassium 
formate was proved. In the light of Duchemin’s statement that 
Noctiluca miliaris produces on delicate skins an irritation like 
nettles, the author suggests that this animal, like ants, secretes 
formic acid not as such but as the aldehyde, which in the process 
of oxidation is the cause of their luminosity. When a current of 
oxygen is passed through a hot alcoholic solution of grape sugar 
containing potash, it becomes weakly luminous, a fact which in so 
far, confirms the aldehyde nature of glucose.—Ber. Berl. Chem. 
Ges., x, 321, March, 1877. G. F. B. 
6. On Melezitose.—In 1858, Berthelot described a new com- 
ound sugar existing in the Briangon manna prepared from the 
arch (Larix Europea). VituiErs has now examined a manna 
collected in Lahore, produced by exudation from the Alhagi 
Maurorum, a thorny shrub belonging to the family of the Legu- 
minose. It is abundant in Persia, where it is used both for medi- 
cine and as food under the name of Turanjbin. Crystallized from 
water and then from alcohol, it was obtained in the form of white 
bulky crystals, containing one molecule of crystal-water which 
they lose even in dry air at the ordinary temperature, and then 
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have the formula C,,H,,0,,. Its solution is dextrogyrate, 
rotating +94° 48’ referred to the neutral tint, or 88° 51’ referred 
to the yellow light of sodium. On ebullition with dilute sulphu- 
ric acid, the rotary power changes slowly, being reduced at the 
end of an hour to +-53°. It does not reduce cop, 'r tests until after 
reduction, and yields on oxidation with nitric acid, oxalic acid only. 
It melts at 140°. All these points prove it to be identical with the 
melezitose of Berthelot. It eptelion in clinorhombic prisms.— 
Bull. Soc. Ch., Ul, xxvii, 98, Feb. 1877. G. F. B. 

7. Tri-substitution derivatives of Benzol; by Evear F. Smira, 
Ph.D., Assistant in Analytical Chemistry, University of Pennsyl- 
vania. (Abstract of Inaugural Dissertation at Gdttingen, 1876.) 
—The investigation of the tri-substitution compounds of benzol 
has only of late engaged the attention of chemists. The following 
results, recently obtained by me, are presented as a contribution 
to the knowledge of bibromnitro-, bibromamido-, tribrom-, and 
bibromhydroxylbenzoic acids. 


PARABROMMETABROMNITROBENZOIC Actb. 
C,;H,BreBr™NO,COOH. Fusing point 162° C. 


This acid was obtained by nitriring parabrommetabrombenzoic 
acid discovered by Hiibner and Burghard (Burghard’s Disserta- 
tion, Géttingen, 1875). The fusing point of this latter acid is 
22+°-230° C. To effect the introduction of the nitro-group (NO,), 
the acid obtained by the above chemists was heated upon a water- 
bath with fuming nitric acid. The application of a more intense 
heat produces entirely different acids. In the cold, fuming nitric 
acid was without action upon the bi-brom acid. 

After the conversion of the bibrom acid into the corresponding 
nitro-acid by means of fuming nitric acid, aided by gentle heat, 
the whole is allowed to cool and water then added to the solution. 
The bi-bromnitro acid was partially precipitated in flocculent 
masses ; the greater quantity of the acid, however, remained dis- 
solved. All of it was obtained by evaporating the solution, placed 
in a porcelain dish, to dryness upon a water bath, and the residue 
puritied by boiling it with sodium carbonate. 

In hot water the acid is easily soluble, crystallizing from it in 
fine colorless needles. The fusing point was found to be 162° C. 
The acid is not volatilized by steam. When heated between 
watch glasses it sublimes with partial decomposition. It is very 
probable this acid is identical with that obtained by Hiibner and 
Angertein (Angertien’s dissertation, Géttingen, 1869). The rela- 
tion of the nitro-radieal to the COOLH-group or to the bromine 
atoms has not yet been determined. 

Parabrommetabromnitrobenzoate of Lead: (C,H, Br’Br™NO, 
CUO,),Pb. Obtained by precipitating a hot solution of the 
potassium salt with lead acetate. A white insoluble powder. 

Lead estimation, 0°2755 grm. dry salt gave 0°0965 grm. PbSO, 
.=0°0659 grm. Pb = 23°95 per cent. Theoretical percentage = 
24°21 per cent Pb. 

Am. Jour. edie Serres, Vou. XIII, No. 77.—May, 1877. 
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Carbon and hydrogen determination: 0°2143 grm. salt gave 
0°0483 grm. carbon = 20°1 per cent. Farther, 0°0256 grm. HO 
= 1 per cent H. 

Nitrogen determination: 0°1581 grm. salt = 3°53 per cent N. 

Theoretical percentages = Carbon, 19°7 per cent, hydrogen 0°50 
per cent, nitrogen = 3°26 per cent. . 

Parabrommetabromnitrobenzoate of Sodium: C,H, Br’Br™NO, 
COONa+3H,0. This salt crystallizes from dilute solutions in 
needles, often forming bundles. From concentrated solutions it is 
obtained in almost colorless, broad shining leaflets. Soluble in 
cold and hot water. The anhydrous salt requires 6°63 per cent 
Na. Found 6°66 per cent Na. 

Parabrommetabromnitrobenzoate of Potassium: C,H, Br?Br™ 
NO,COOK. The pure acid was boiled with potassium carbonate, 
the salt crystallizing from the solution in needles. Very soluble 
in warm water. 

Anhydrous salt requires 10°76 per cent K; found 10°61 per cent K. 

of Barium: (C,H,Br?Br™ 
N,OCOO),Ba+H,O. Broad colorless, shining needles, easily 
soluble in water. Anhydrous salt requires 17°45 per cent Ba; 
found 17°34 per cent. 

Parabrommetabromnitrobenzoute of Caleium: (C,H, BreBr™ 
NO,COO),Ca+3$H,O. Obtained by boiling the free acid with 
either calcium hydrate or carbonate. Exceedingly difficult to ° 
obtain pure. Occurs in red-colored needles, almost insoluble in 
water. The analysis of the anhydrous salt gave 5°52 per cent Ca; 
required 5°81 per cent Ca, 

arabrommetabromnitrobenzoate of Magnesium : (C,H, Br’Br™ 
NO,COO),Mg. Crystallizes in needles forming star-shaped 
groups. Difficultly soluble in water. Analysis gave 3°25 per cent 
Mg; required 3°59 per cent. 


PARABROMMETABROMAMIDOBENZOIC ACID. 
C,H, BrrBr™NH,COOH. Fusing point 225° C. 


Very easily obtained from the preceding acid by heating it 
with hydrochloric acid and a calculated amount of tin. The 
amiding takes place without any violent action. The acid only 
unites with bases, not with acids. Soluble in a large quantity of 
water; readily soluble in a mixture of equal parts alcohol and 
water, from which it crystallizes upon cooling in beautiful flocks. 
consisting of minute needles. The fusing point of the acid is 
225° C., considerably higher than that of a similar acid obtained by 
Angertein (Dissertation, Géttingen, 1869). Completely decom- 

osed when fused. A nitrogen determindtion was made of the 
ree acid. Required percentage of Nitrogen =4°75 per cent; found 
5°03 per cent N. ; 

Parubrommetabromamidobenzoate of Barium: (C,H, 
NH,COO),Ba+4H,O. An aqueous solution of the sodium salt 
was decomposed with barium chloride, the precipitate filtered and , 
washed. The salt forms minute shining needles, generally united 
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to bundles. Very soluble in water. Analysis of anhydrous salt 
gave 18°90 per cent Ba; required 18°89 per cent. 

Parabrommetabromamidobenzoate of Calcium: (C,H, Br’Br™ 
NH,COO),Ca+44$H,O. Obtained by decomposing the ammo- 
nium salt with calcium chloride. The salt is tolerably insoluble 
in water, crystallizing from it in small reddish-brown colored 
needles. Analysis gave 6°37 per cent Ca; required 6°51 per cent 
Ca. 

Parabrommetabromamidobenzoate of Strontium : (C,H, Br’ Br™ 
NH,COO),Sr+2H,0. Large, dark-red colored needles. Diffi- 
cultly soluble in hot water. An analysis of the anhydrous salt 
gave 12°55 per cent Sr; required 12°93 per cent Sr. 

Parabrommetabromumidobenzoate of Copper: (C,H, Br?Br™ 
NH,COO),Cu. From the ammonium salt by treating it with 
copper acetate. Bright green in color; perfectly insoluble in 
water. Analysis: 9°23 per cent Cu found; required 6°70 per cent 
Cu. 

TRIBROMBENZOIC ACID. 
C;H,Br?Br™Br?COOH. Fusing point 195° C. 


I obtained this acid by converting the preceding bibromamido- 
benzoic acid, by means of nitrous acid, into the corresponding 
diazo-compourd and then boiling this last product with pure 
concentrated hydrobromic acid. The pure acid obtained from the 
barium salt after many recrystallizations, presented the constant 
fusing point 195° C. The acid is almost perfectly insoluble in 
water. Very soluble in a mixture of one part water and two 
parts of alcohol, recrystallizing out of this in ‘small colorless 
needles. Fuses with partial decomposition. 

Tribrombenzoate of Lead: Pb. Ob- 
tained by precipitating the ammonia salt with lead acetate. It 
forms a white insoluble compound. This salt was taken in esti- 
mating the carbon and hydrogen. Found 17°98 per cent carbon, 
and 0°89 per cent hydrogen. Calculated 18°20 per cent carbon, 
and 0°43 per cent hydrogen. : 

The bromine was determined by burning the pure acid with 
oxide of lime and the calcium bromide decomposed by silver 
nitrate. Found percentage of bromine, 66°85 per cent ; calculated 
66°48 per cent. 

Tribrombenzoute of Barium: (C,H,Br? Br® Br? COO), Ba + 
5H,O. Formed when the free acid is boiled with barium carbon- 
ate. The pure salt forms needles easily soluble in water. The 
anhydrous salt when analyzed gave 15°53 per cent Ba; calculated 
16-06 per cent Ba. 


PARABROMMETABROMOXYBENZOIC ACID. 
C;H,Br’Br™H?COOH. Fusing point 218° C. 


An etherial solution of parabrommetabromamidebenzoic acid 
was treated with nitrogen trioxide until the corresponding diazo- 
compound formed, and being insoluble in ether fell out in flocculent 
masses. The diazo-compound, perfectly dry, was boiled with pure 
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water—the OH group being thereby introduced. This acid is 
difficultly soluble in water. The fusing point is 218°. It crys- 
tallizes in colorless needles. When fused, partial decomposition 
occurs. A beautiful violet color is imparted to its solution, when 
treated with a few drops of ferric chloride. A combustion of the 
acid gave 29°00 per cent carbon and 1°28 per cent hydrogen ; calcu- 
lated 28°38 per cent carbon and 1°35 per cent hydrogen. 

Parabrommetabromoxybenzoate of Sodium: (C,H, Br’ Br™OH? 
COONa)+H,0. Obtained by boiling the barium salt with sodium 
carbonate. The salt is exceedingly soluble in water, forming 
light yellow colored needles, frequently united to bundles. An 
analysis of the anhydrous salt afforded 7°45 per cent Na; required 
7°23 per cent Na. 

Parabrommetabromoxybenzoate of Barium: (C,H, Br?Br™OH? 
CO9O),Ba. When an aqueous solution of the acid is boiled with 
barium carbonate, this salt is formed. It crystallizes in red warty 
masses. It is rather insoluble in water. I obtained by analysis 
18°80 per cent Ba; required 18°84 per cent Ba. E. F. 8. 

Philadelphia, Pa. 

8. Kinetic Theory of Gases.—M. Bo.rzmann, in a communi- 
cation to the Vienna Academy on the nature of gas molecules, 
abandons the notion that they behave like aggregates of material 
points (the atoms). He considers that in estimating the impact 
action of the molecules we may almost regard the whole aggre- 
gate which we denote as an individual gas molecule, and which 
may consist of different substances, perhaps even ether atoms, as 
rigid. It is found that then the ratio of the heat-capacities of the 
gas must be 13, when the gas-molecules have a ball-form. The 
ratio of the heat-capacities will be 1:4 if the molecules have the 
form of rigid bodies of rotation, but which are not balls; and 14 
if they are of any other form of rigid bodies. These numbers at 
least seem to agree so far with those found experimentally, that 
one cannot say that experiment furnishes a contradiction of the 
theory thus modified. It is further shown that the values experi- 
mentally got for the heat-capacity, under this view, are in satis- 
factory agreement with the heat-capacities of solid bodies. Of 
course the gas molecules cannot be absolutely rigid bodies; this 
is already disproved by spectral analysis, but it may be that the 
vibrations producing gas spectra are merely brief shiverings dur- 
ing the shock of two molecules, comparable to the sound per- 
ceived on the shock of two ivory balls.— ature, xv, 306. 

E. ©. P. 

9. Vowel “ Clang.”—M. Aversacn, from researches on the 
nature of the vowel “clang,” in Prof. Helmholtz’s physical labora- 
tory, comes to the following conclusions, which appear to throw 
new light on some unsolved problems:—i. All clang, especially 
the vowels of the human voice and speech, are to be defined as 
the consequence of the joint action of two moments, a relative and 
an absolute. 2. The relative moment is the mode of distribution 
of the whole intensity among the individual partial tones as deter- 
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mined by their ordinal number. The absolute is the dependence 
of the whole intensity of the absolute pitch of the partial tones, 
and the modification of the distribution, are clangs of the funda- 
mental tone therewith connected. 3. The difference of the vow- 
els in the former relation is a result of the power of changing the 
form of the mouth‘cavity. The differences of the absolute pitches 
characterizing the various vowels, and of their influence, are a 
result of the power of changing the volume and size of the mouth 
cavity. 4. The first partial tone is always the strongest in clang ; 
it deserves, therefore, the name of fundamental tone. 5. The 
intensity of the partial tones as such, decreases in general as their 
ordinal number increases; exceptions indicate the nearness of the 
boundary of the consonant region. 6. he intensity of the partial 
tones decreases more slowly the nearer the vowel clang is, there- 
fore more quickly the duller this is. 7. The characteristic pitch 
is higher the clearer, and deeper the duller, the vowel clang. 8. 
The variations of the intensity, in consequence of the influence of 
the characteristic pitch, are greater the fuller the vowel is. Very 
slight variations indicate the nearness of the consonant region. 9. 
All the vowels admit of being sung within the whole range of the 
human voice; but the dull speak in very high,. the clear in very 
deep, positions. 10. A little attention only is needed to perceive 
‘in a vowel clang the over-tones (often comparatively very strong), 
without artificial aids. They then sound very similar to the pure 
tuning-fork tones.—Pogg. Ann. HErg., viii, I, 177; Nature, xv, 
441, E. C. P. 
10. Ultra Red Spectrum.—M. E. Becquere. has studied the 
invisible red rays of the spectrum by the aid of phosphorescence. 
The light is admitted into a darkened room through two slits, so 
that one beam shall fall on a bisulphide of carbon prism, and form 
the spectrum which is to be examined. The second beam passes 
through a prism of flint glass which is so turned that the ultra 
violet portion of its spectrum shall fall on the ultra red portion of 
the other spectrum. The flint glass spectrum is not focussed on 
the screen, or the slit is opened wide, so that the ultra violet lines 
and bands shall not be visible. These spectra are received on a 
plane surface covered with some phosphorescent substance. The 
hosphorescent hexagonal blende is best suited to this purpose, as 
it is strongly luminous, though it loses this effect more rapidly 
than the sulphides of the alcaline earths, but less rapidly than 
carbonate of lime. Bands are then observed beyond 4 for a dis- 
tance somewhat greater than that from 4 to D. Two bands are 
found near A which M. Becquerel has called A, and A,; then 
follow a group of four bands or lines A’, A’,, A’,, A’,, of which 
the first three are nearly equidistant. The wave length of A’ is 
840, that of A being taken as 761°5. Beyond is a broad diffuse 
band A” and near the limit of vision is A’”’ a large band with 
well marked borders, especially on its more refrangible side. The 
wave lengths of its two edges are 1220 and 1310. Since the light 
of a diffraction spectrum was too small,’ the wave-lengths were 
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determined by interposing an apparatus giving colored rings by 
means of thin layers of air. Attempts have been made, as yet 
without success, to form a phosphorescent eye-piece like the fluo- 
rescent eye-piece of Mr. Soret.— Bib. Univ., cexxviii, 306. 

E. C. P. 

11. Fluorescence.—M. Lommet, continuing,his researches on 
fluorescence, arrives at the following conclusions:—1. There are 
two kinds of fluorescence. In one, each homogeneous ray falling 
within the limits of the fluorescence-spectrum excites not oaly 
rays of greater and equal, but also waves of shorter wave-length ; 
.the latter, so far as they belong to the region in question. In the 
second kind each homogeneous ray excites only rays of greater or 
equal wave-length. 2. There are substances which have only the 
first kind of fluorescence; each excitant ray excites the whole fluo- 
rescence spectrum. Hence they are not subject to Stokes’s law. 
Such are napthalin, red chlorophyll and eosin. 3. There are sub- 
stances which have only the second kind of fluorescence, and 
which therefore throughout their fluorescence spectrum, obey 
Stokes’s law. Such are most of the fluorescent substances hith- 
erto examined. 4. There are substances which have both kinds 
of fluorescence, so that the first kind is proper to a certain por- 
tion of their fluorescence spectrum, and the second kind proper to 
their remaining parts. Hence these obey Stokes’s law only in 
part. Such are chamdelin red, blue and green.—Pogg. Ann., clix, 
514; Nuture, xv, 441. 

t2. On the Equilibrium of heterogeneous substances; by J. 
Witiarp Gisps, of Yale College. 141 pp. 8vo.—The paper on 
this subject by Professor Gibbs, published in volume iii. of the 
Transactions of the Connecticut Academy of Sciences (1876), re- 
ceived the following exposition by Professor J. Clerk-Maxwell, 
of Cambridge, England, in his lecture on the occasion of the recent 
Loan Exhibit:on: 

“The thermodynamical problem of the equilibrium of heteroge- 
neous substances was attacked by Kirchhoff in 1855, when the 
science was yet in its infancy, and his method has been lately 
followed by -C. Neumann. But the methods introduced by Pro- 
fessor J. Willard Gibbs, of Yale College, Connecticut, seem to 
me to be more likely than any others to enable us, without any 
lengthy calculations, to comprehend the relations between the 
different physical and chemical states of bodies, and it is to these 
that I now wish to direct your attention. 

In studying the properties of a homogeneous mass of fluid, con- 
sisting of m component substances, Professor Gibbs takes as his 
principal function the energy of the fluid, as depending on its vol- 
ume and entropy together with the masses, ... iy, of 
its n components, these »+-2 variables being regarded as indepen- 
dent. Each of these variables is such that its value for any mate- 
rial system is the sum of its values for the different parts of the 
system. 
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By differentiating the energy with respect to each of these 
variables we obtain x+2 other quantities, each of which has a 
physical significance which is related to that of the variable to 
which it corresponds. 

Thus, by differentiating with respect to the volume, we obtain 
the pressure of the fluid With its sign reversed; by differentiating 
with respect to the entropy, we obtain the temperature on the 
thermodynamic scale; and by differentiating with respect to the 
mass of any one of the component substances, we obtain what 
Professor Gibbs calls the potential of that substance in the mass 
considered. 

As this conception of the potential of a substance in a given 
homogeneous mass is a new one, and likely to become very impor- 
tant in the theory of chemistry, I shall give Professor Gibbs’s 
_ definition of it. 

‘If to any homogeneous mass we suppose an infinitesimal quan- 
tity of any substance added, the mass remaining homogeneous 
and its entropy and volume remaining unchanged, the increase 
of the energy of the mass, divided by the mass of the substance 
added, is the potential of that substance in the mass considered.’ 

These n+2 new quantities, the pressure, the temperature, and 
the x potentials of the component substances, form a class differ- 
ing in kind from the first set of variables. They are not quanti- 
ties capable of combination by addition, but denote the intensity 
of certain physical properties of the substance. Thus the pressure 
is the intensity of the tendency of the body to expand, the temper- 
ature is the intensity Sf its tendency to part with heat; and the 
potential of any component substance is the intensity with which it 
tends to expel that substance from its mass. 

We may therefore distinguish these two classes of variables by 
calling the volume, the entropy, and the component masses the 
magnitudes, and the pressures, the temperature, and the poten- 
tials the intensities of the system. 

The problem before us may be stated thus:—Given a homoge- 
neous mass in a certain phase, will it remain in that phase, or will 
the whole or part of it pass into some other phase ? 

The criterion of equilibrium may be expressed thus in Professor 
Gibbs’s words— For the equilibrium of any isolated system it is 
necessary and sufficient that in all possible variations of the state 
of the system which do not alter its energy, the variation of its 
entropy shall either vanish or be negative. 

‘The condition may also be expressed by saying that for all 
possible variations of the state of the system which do not alter its 
entropy, the variation of its energy shall either vanish or be posi- 
tive.’ 

Professor Gibbs has made a most important contribution to 
science by giving us a mathematical expression for the stability of 
~ given phase A of niatter with respect to any other phase B. 

f this expression for the stability (which we may denote by the 
letter K) is positive, the phase A will not of itself pass into the 
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phase B, but if it is negative the phase A will of itself pass into 
the phase B, unless prevented by passive resistances. 

The stability IK of any given phase A with respect to any other 
phase B, is expressed in the following form: 

K>ée+vp—nt—m, — eta — 
where ¢ is the energy, v the volume, 7 the entropy, and m,, m,, 
etc., the components corresponding to the second phase B, while 
p is the pressure, ¢ the temperature, and 1,, 9, etc., the potentials 
corresponding to the given phase A. The intensities therefore 
are those belonging to the given phase A, while the magnitudes 
are those corresponding to the other phase B. 

We may interpret this expression for the stability by saying 
that it is measured by the excess of the energy in the phase B, 
above what it would have been if the magnitudes had increased 
from zero to the values corresponding to the phase B, while the 
values of the intensities were those belonging to the phase A. 

If the phase B is in all respects except that of absolute quan- 
tity of matter the same as the phase A, K is zero; but when the 
phase B differs from the phase A, a portion of the matter in the 
phase A will tend to pass into the phase Bb if K is negative, but 
not if it is zero or positive. 

If the given phase A of the mass is such that the value of K 
is positive or zero with respect to every other phase B, then the 
phase A is absolutely stable, and will not of itself pass into any 
other phase. 

If, however, K is positive with respect to all phases which differ 
from the phase A only by infinitesimal variations of the magni- 
tudes, while for a certain other phase, B, in which the magnitudes 
differ by finite quantities from those of the phase A, K is nega- 
tive, then the question whether the mass will pass from the phase 
A to the phase B will depend on whether it can do so without 
any transportation of matter through a finite distance, or, in other 
words, on whether matter in the phase B is or is not in contact 
with the mass. 

In this case the phase A is stable in itself, but is liable to have 
its stability destroyed by contact with the smallest portion of 
matter in certain other phases. 

Finally, if K can be made negative by any infinitesimal varia- 
tions of the magnitudes of the system A, the mass will be in 
unstable equilibrium, and will of itself pass into some other phase. 

As no such unstable phase can continue in any finite mass for 
any finite time, it can never become the subject of experiment ; 
but it is of great importance in the theory of chemistry to know 
how these unstable phases are related to those which are rela- 
tively or absolutely stable. 

The absolutely stable phases are divided from the relatively 
stable phases by a series of pairs of coexistent phases, for which 
the intensities p, ¢, 1, etc., are equal and K is zero. Thus water 
and steam at the same temperature and pressure are coexistent 
phases. 
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As one of the two coexistent phases is made to vary in a continu- 
ous manner, the other may approach it and ultimately coincide 
with it. The phase in which this coincidence takes place is called 
the Critical Phase. 

The region of absolutely unstable phases is in contact with that 
of absolutely stable phases at the critical point. Hence, though 
it may be possible by preventing the body from coming in contact 
with certain substances to bring it into a phase far beyond the 
limits of absolute stability, this process cannot be indefinitely 
continued, for before the substance can enter a new region of 
stability it must pass out of the region of relative stability inté 
one of absolute instability, when it will at once break up into a 
system of stable phases. 

Thus in water for any given pressure there is a correspondin 
temperature at which it ‘is in equilibrium with its vapor, an 
beyond which it cannot be raised when in contact with any gas. 
But if, as in the experiment of Dufour, a drop of water is carefull 
freed from air and entirely surrounded by liquid which has a hig 
boiling point, it may remain: in the liquid state at a temperature 
far above the boiling point corresponding to the pressure, though 
if it comes in contact with the smallest portion of any gas it 
instantly explodes. 

But it is certain that if the temperature were raised high enough 
the water would enter a phase oi absolutely unstable equilibrium, 
and that it would then explode without requiring the contact of 
any other substance. 

ater may also be cooled below the temperature at which it 
generally freezes, and if the water is surrounded by another liquid 
of the same density the pressure may also be reduced below that 
of the vapor of water at that temperature. Ifthe water when in 
this phase is brought in contact with ice it will freeze, but if 
brought in contact with a gas it will evaporate. 

Professor Guthrie has recently discovered a very remarkable 
case of equilibrium of a liquid which may be solidified in three 
different ways by contact with three different substances. This 
is a solution of chloride of calcium in water containing 37 per cent 
of the salt. This solution is capable of solidification at —37° C., 
when it forms the solid cryohydrate having the same composition 
as itself. But it may be cooled somewhat below this tem)« rature, 
and then if it is touched with a bit of ice it throws up ice, if it is 
touched with the anhydrous salt it throws down anhydrous salt, 
= if it is touched with the eryohydrate it solidifies into cryohy- 

rate.” 


II] GroLoGy MINERALOGY. 


1. The Less of the Rhine and Danube, by Tuomas betr, 
F.G.S.—Mr. Belt discusses the characters, position and height of 
the less, and the evidences in the transported bowlders, stones 
and organic remains it contains in some places, of its having 
originated in connection with the Glacial era, observing that * no 
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more Arctic fauna is known in the basin of the Danube and the 
Rhine than that of the less ;” also that “ along the northern flanks 
of the Carpatheans, the Scandinavian drift rises to heights of 1,000 
to 1,200 feet.” He adopts Lyell’s view, that the valley had been 
excavated before the deposition took place. Instead of holding 
that the supply of water from the melting ice was sufficient to 
account for the height of the stream, he assumes, as in his former 
papers, that the ice accumulating along the coast and thus block- 
ing up the drainage of the continents, dammed ss the streams 
about their mouths and so caused lakes. He says, “I was first led 
to believe that the ice had effected this [result] in studying the 
glaciation of North America, and in i866 I advanced the opinion 
that the drainage of the St. Lawrence had been blocked up by the 
ice moving down from the north; and that thus a great inland 
fresh-water sea had been formed over which icebergs floated. He 
says further that during a visit to North America in 1874, I found 
many more proofs that the drainage of the northeastern part of 
the continent was blocked by ice that flowed down the bed of the 
Atlantic from the direction of Greenland;” and from these and 
other facts, came the conclusion that “the drainage of Europe 
had been blocked up—not by Scandinavian ice, but by that which 
occupied the bed of the Atlantic and had reached to our western 
shores.” Thus “the waters were raised over which floated ice- 
bergs from the north carrying the Scandinavian drift, and into 
this great lake the Danube and the Rhine, or the upper portions 
of them above its level, brought down fine mud from the glacier- 
capped Alps which was deposited as less.” 

here is no such damming, as far as is known, about Greenland, 
the subglacial streams being large and flowing freely to the sea; 
and hence the practicability of damming the fresh waters in the 
way supposed may be doubted. The assumed amount of Atlantic 
ice appears to be far beyond what could have existed. The 
article does not give the facts as to uniformity of level in the less 
along the whole course of the Rhine needed to prove that the 
deposits are of lacustrine origin. The facts about southern New 
England show that there has been no such damming by shore ice 
as Mr. Belt suggests; for they prove that the height of the 
terraces along the river-valleys has depended almost wholly on 
river-floods, with only’such lakes as come from damming by ice 
or otherwise along their course. And it seems altogether probable 
that the height of the less on the Rhine and Danube had the 
same origin. The change of level proved for southern New Eng- 
land does not exceed fifteen feet ; and none was needed to produce 
the occurring heights of the river-valley terraces. J.D. D. 

2. Thickness of the Palwozoic rocks of Central Pennsylvania. 
—Mr. C. A. Ashburner, of the Geological Survey of Pennsylvania, 
has carefully measured a section of the rocks from the top of the 
Alleghany River Coal Series down to the Trenton limestone. 
The details are contained in his Report. The aggregate results 
are as follows: the Carboniferous from the top of the Mahoning 
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sandstone in the Coal Measures, to what is called the Upper 
Catskill or Pocono group (Rogers’s Vespertine, No. 10) inclusive, 
at least 3,777 feet; Devonian strata, 7,975 feet; Oriskany sand- 
stone (which is referred by some to the Devonian and others to the 
Upper Silurian) 58 feet ; Upper Silurian 4,214 feet ; Hudson River 
and Utica shale and Trenton at least 2,370 feet—making in all 
18,394 feet. 

In the section, the Pocono sandstone has a thickness of 2,133 
feet, and is overlaid by the Mauch Chunk Red Shale (Rogers’s 
Umbral), 1,100 feet; the Pottsville conglomerate (Millstone grit, 
Rogers’s Seral), 280 feet; and the Alleghany River (or Lower 
Productive) Coal Measures, 264 feet. The Devonian commences 
with the Catskill Red sandstone (Rogers’s Ponent), 2,680 feet 
thick, and is underlaid by 90 feet of “transition strata” between 
it and the next below; 1,860 feet of Chemung shales (Vergent) ; 
1,450 feet Portage flags (Vergent); 325 feet Genesee slate (Upper 
Cadent) ; 635 feet Hamilton shales (Cadent); 875 feet Marcellus 
Black shale (Lower Cadent); 60 feet Upper Helderberg lime- 
stone (Post-meridian) ; 58 feet Oriskany sandstone (Meridian). The 
Upper Silurian includes 742 of Lower Helderberg beds (the upper 
162 feet limestone); 440 feet of Onondaga marlytes; 1,960 feet 
of Clinton shales and ore-rocks (the ore-rocks 53 feet thick and 
including two beds of ore 12 inches apart, the upper of 10 inches 
average thickness and the lower of 14 inches); 1,230 feet of Me- 
dina sandstone; 568 of Oneida sandstone (Levant). The Lower 
Silurian includes Hudson River shale 800 feet ; Utica shale 1,070 
feet; Trenton limestone 500 feet. Below lie the Calciferous and 
Potsdam, of unknown thickness. 

8. Notes upon the Lower Helderberg rocks of Port Jervis, 
N. Y.;* by Dr. 8. T. Barretr.—The subdivisions and fossil con- 
tents of the Lower Helderberg and underlying rocks near this vil- 
lage are sufficiently peculiar to warrant their description. They 
are situated in the midst of what has very appropriately been 
ealled the Appalachian System; a system of long monoclinal 
ridges fronting the Atlantic and sloping backward with varying 
dips toward the northwest. These monoclinal ridges trending 
northeast and southwest are crossed more or less obliquely by a 
secondary and compensatory system of flexures trending nearly 
north and south. The Lower and Upper Helderberg strata 
together constitute, when elevated above the drift, a low mono- 
chnal ridge extending parallel with the Shawangunk (pronounced 
Shongum) Mountain, at a distance varying from less than a mile 
to three or four miles northwest of the crest-line of that moun- 
tain. The transverse or secondary system of flexures cause the 
Helderberg Ridge to rise and sink in a succession of anticlinal 
and synclinal folds, which add very much to the picturesqueness 
of the long monoclinal valley in which Port Jervis is situated. 
The roads across this ridge are made necessarily in the synclinals, 


* Abridged by the author from a paper upon the same subject in vol. xi, Ann. - 
Lye. Nat. History, N. Y. 
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and the lime-quarries are worked in the southeastern fronts of the 
anticlinals, This arrangement is further deversified by the dip; 
the ridges and valleys being narrowest where that is steepest, and 
broadest where it 1s most nearly horizontal. These secondary 
flexures are very near together here, three of them occurring in 
the space of six miles lineally of the ridge. Bennet’s Quarry is 
the central one of these, and has been most studied by the writer. 

Nearpass’ and Buckley’s Quarries lie south and north of it respect- 

ively. The strata visible at any quarry depends upon the extent 

of the upheaval, the amount of talus at bottom, and of erosion at 
the top. 

There are at Bennet’s Quarry, beginning at the bottom: 

No. 1. Tentaculite Limestone, Prof. Cook’s Quarry Stone ;* makes the best of lime 
for building purposes; about twenty feet thick.+ 

No. 2. Favosite Limestone; from two to five feet thick. 

No. 3. Lower Pentamerus and Cherty Limestone; together, forty feet thick. 

No.4. Delthyris Shale; one hundred and twenty feet thick. 

No. 5. Upper Quarry Stone; ten feet thick. 

No. 6. Upper Shale; one hundred and fifty feet thick. 

No. 7. Trilobite Layers; five to ten feet thick. 

Nos. 5, 6 and 7 are believed to belong to the Upper Pentamerus subdivision; 
and are succeeded by rocks of the Oriskany Sandstone and Cauda Galli Grit 
formations, the latter exhibiting a thickness of from five hundred to eight hun- 
dred feet. 

The following fossils were very kindly identified for me by Prof. 
Hall: 

From No. 1, Tentaculate Limestone; Zentaculites gyracanthus, 
Spirifer Vunuxemi, Megambonia ovoidea, and Strophodonta 
varistriata. 

From No. 2, or Favosite Limestone, Fuvosites Helderbergi, a 
Cyathophyllum, and Pentamerus galeatus. 

From No. 3, or Lower Pentamerus and Cherty Limestones ; 
Dalmanites pleuroptyx, Pentamerus galeatus, and a form of Lich- 
enalia. 

From No. 4, Delthyris Shale; Spirifer macropleurus, 8. lamel- 
losus, and many more forms peculiar to and usually abundant in 
this subdivision. 

From No. 5, Upper Quarry Stone; Rhynchonella ventricosa and 
Platyceras retrorsum. 

From No. 6, Upper Shale. This subdivision is very sparingly 
fossiliferous. 

From No. 7, Trilobite layers; Chonetes complanata, Renssel- 
aeria mutabilis, Homalonotus Vanuxemi, Dalmanites pleuroptyx, 
D. nasuta, D. micrurus,t D. dentata, Hyolithes centennialis, 
Strophomena rhomboidalis, 8. Conradi, Strophodonta cavumbona, 
S. planulata, S. Beckii, 8. Leavenworthana, 8. varistriata, 

* Geology of New Jersey, p. 159. 

+ The thickness of strata as given in this paper, and the names of subdivisions 
are — from the original paper. I think the thickness was overestimated in 
m rst. 

: ' Reeatena by myself in this Journal, vol. xi, p. 200. Described by me in 
Ann. Lyc. Nat. Hist. N. Y., vol. xi. 
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Orthis subcarinata, O. multistriata, Spirifer arrectus, Cyrtia ross- 
trata, Pterinea teatilis, Discina discus, D. Conradi, Holopea anti- 
qua, Loxonema Fitchiana, Tentaculites elongatus, a form allied to 
Trematis, a Beyrichia, probably B. granulifera, and some other 
species not determined. 

I have been thus exhaustive in the enumeration of the species 
contained in this subdivision, because the richness of its fauna, 
separated as it is by more than a hundred feet of nearly unfossil- 
iferous strata from the true Delthyris Shale below, and the num- 
ber of species apparently unknown elsewhere, make it one of the 
anomalies in the geology of the locality. ‘The most abundant fos- 
sils, and in the order named, are Chonetes complanata, Renssel- 
aervia mutabilis, and Dalmanites dentata. 'The stony casts of these 
fossils literally make up the rock. : 

The Favosite Limestone.* No, 2, is also peculiar. It is so full 
of large corals, principally Favosites, that it is at first hard to 
believe it is not the equivalent of the Coralline of Schoharie, 
described by Prof. Hall in his Paleozoic Fossils of New York, 
volume ii. It occupies, however, about the position assigned by 
that distinguished paleontologist to the Stromatopora limestone. 
It is a coarse, brecciated limestone, and contains, besides Favo- 
sites, an abundance of encrinal fragments in an unrecognizable 
condition, Chwtetes Helderbergia, Pentamerus galeatus, Stropho- 
donta punctulifera, and other Delthyris Shale fossils. Favosites 
Helderbergia is certainly present, but unless that species is very 
variable, it is not the only form of the genus so numerously rep- 
resented in this layer. The most common type resembles very 
closely the #2 Niagarensis of Hall. Although this Fayosite 
Limestone is very distinct from the Coralline of Schoharie, the 

presence of F! Niagurensis in the former, if it is present, would 
seem to make that fossil of little account in determining the age 
of the latter limestone. 

4. Geological and Geographical Survey of the Territories, F. 
V. Hayven, U. 8, Geologist-in-charge.—The Survey has recently 
issued a “ Drainage Map” of Colorado; the primary triangula- 
tion by J. T. Garpner and A. D, Wirson, the topography by A. 
D. Witson, G. R. Becuier, Gannett, G. B. and 
8. B. Lapp. Also a Hypsometric Map of the United States, by 
Henry Gannett, M.E., a map of contour lines, which includes the 
whole of the United States, and gives, far better than any map 
hitherto published, the topography of this part of the continent. 
Mr. Gannett, besides being an engineer himself, is the author of 
the Report, from this Survey, containing full lists of all heights 
that have been determined in the country, and he was thus pre- 
pared for making this diagram of the collected facts, Such a ma 
is of course and always will be capable of improvement. But it 
brings out well the great features of the mountain region west 
of the Mississippi. The contour lines are those of 500 and 1,000 
feet, and of sa added 1,000. 


* Name suggested by Prof. D. S. Martin, of Rutgers Female College, N. Y. 
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A new number of the Bulletin of the Survey contains a paper 
entitled “ a Calendar of the Dakota Nation”—a document of picto- 
rial hieroglyphics, comprising the chief events in Dakota history, 
during the 71 years following 1799, with its interpretation, by 
Lieut.-Col. G. Mattery; also others—on the Kjékkenméddings 
and graves of a former population of the coast of Oregon, by P. 
ScuuMAcHER, with 22 maps and plates; on the Twana Indians of 
the Skokomish Reservation in Washington Territory, by Rev. M. 
Eetts; Notes on a Collection of Noctuid Moths, made in Colo- 
rado in 1875 by Dr. A. S. Packard, Jr., by A. R. Grore; on the 
Tineina of Colorado, and on new Entomostracans from Colorado, 
by V. T. Campers; on a new Cave Fauna in Utah, and descrip- 
tions of new Phyllopod Crustacea from the West collected by Dr. 
T. Watson and Dr. E. Coues, by Dr. A. 8S. Packarp, Jr.; Notes 
on some Artesian borings along the line of the Union Pacific Rail- 
road in Wyoming Territory, by F. V. Haypen, ; 

These Artesian borings, seven in number, are located between 
Rawlins and Green River, and were made by the chief engineer of 
the Pacific Railroad, Mr. T. E. Sickles. The surface varies in 
height from 6,224 to 7,100 feet—the latter on the “ Continental 
divide.” The beds passed through were Tertiary or Tertiary and 
Cretaceous, and lie in a basin, very nearly horizontal. No. 1 
counting from the west, near Rock Springs, 1,145 feet deep, stopped 
at the bottom of the Fox Hill group of the Cretaceous, and 
afforded a flow at the surface of 960 gallons per hour, or 26 feet 
above it of 570 gallons per hour. No. 2, near Point of Rocks, 1,000 
feet deep, stopped at the top of the Fox Hill group, and afforded 
an abundant supply of water at 17 feet from surface. No. 3, near 
Bitter Creek, 696 feet deep, descended into the Laramie group, 
the upper part of the Lignitic series, “and yields 2,160 gallons 
per hour, while flowing 1,000 gallons per hour. The most west- 
ern, just east of Creston, 1,105 feet deep, reached to the bottom 
of the Cretaceous, and yields 2,00 gallons of water per hour; 
water ten feet from the surface.” 

5. Note on the Criticism of Prof. Stevenson ; by A. C. Pearz. 
(Communicated).—The only point in Prof. Stevenson’s criticism 
of my notes on the age of the Rocky Mountains in Colorado,* 
which requires an answer is as follows: 

On page 298 he says that on page 174 of my article “the state- 
ment is made that the Trias is present in Southwestern Colorado 
and Northern New Mexico,” and that I use its presence there as 
a strong proof of its presence in the interior in opposition to his 
assertion that it is absent in the interior. To prevent misappre- 
hension I wish to state that the sentence on page 174 of my arti- 
cle reads as follows: “In Southwestern Colorado and Northern 
New Mexico, the Triassic is a/so present.” On pages 173 and 174 
I prove its presence in the interior (i, e. in South Park, north and 
west of the Sawatch Range, and in the Elk Mountains). Hence I 
do not use its presence in Southwestern Colorado and Northern 
New Mexico as a proof of its presence in the interior, 


* This volume, page 297. 
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The main points of my article are not touched by Prof. Steven- 
son, except one, viz’ in regard to the Tertiary elevation of the 
Rocky Mountains, ir » uich, as he says, we agree. As to his Car- 
boniferous and Triassic upheavals we differ. 

It is my intention to elaborate my views on the subject in the 
Report of the Survey for 1876. 

Washington, D. C., April 18th, 1877. 

6. American Paleozoic Fossils —Mr. 8. A. of Cincin- 
nati, Ohio, proposes to publish a catalogue of the species of Amer- 
ican Paleozoic fossils arranged under each class in alphabetical 
order, giving name of author, date and place of publication, strat- 
igraphical position, and etymology of words. The prospectus 
states that the volume will contain about 275 pages, and will be 
ready for sale by the Ist of June next. Price, bound in cloth, 
$3.00. Mr. Miller should be addressed at No. 8 W. 3d street, 
Cincinnati, Ohio. 

7. Paleontographica. Beitrige zu Naturgeschichte der Vor- 
zeit, herausgegeben von W. Dunxer (of Marburg) und K, A, Zrr- 
TEL (of Munich).—It is proposed to issue the Paleontographica 
hereafter annually in volumes like the earlier, at a price not 
exceeding 45 shillings (English) per year, payable at the begin- 
ning of each year by Post Office order. The editors will have the 
assistance of W. Benecke, E. Beyricu, M. Neumayer, F. Romer, 
and K. von SEEBACH, as a committee of the German Geological 
Society. The 20 volumes of the first series, and 1 to 3 of the sec- 
ond, may now be had at 50 per cent deduction from the original 
prices, if applied for at once. The publisher is Theodore Fisher 
of Cassel, Prussia. 

8. Analyses of Japanese Porcelain-rocks, by Henry Wurtrz.— 
The paper upon porcelains and porcelain-rocks from Japan, 

Mr. Wurtz, was noticed in the last number of this Journal 
(p. 320). The following are some of the analyses contained in 
the paper :—Analysis (1) is of a variety which has the native 
name Duji-chuchi ; it is one of the most valuabie of the porcelain- 
rocks found at Idzumiyama. It is a dull-white, porous, granular, 
coherent mass, not unlike coarse chalk in appearance, though 
much tougher. It adheres to the tongue, with a chalky taste. 
Several other varieties of somewhat different appearance, and 
employed in different ways in the manufacture of the porcelain, 
gave very nearly the same composition. This is shown in"the 
analysis (2) of the variety Shiro-chuchi. 

The only one which varies widely from these in chemical char- 
acter is the kind called Kudaru-yama-chuchi, and for which Mr. 
Wurtz coins the English name, Kudaruyamite. Analysis (3) 
below gives its composition (G.=2°653), and (4) the same after the 
deduction of the opal-silica present. It is a pure white, soft, chalk- 
like substance, with slightly unctuous feel; under a magnifier it 
appears to be made up of small, amorphous, transparent grains. 
In water it falls to powder immediately. 
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SiO, MnO MgO CaO Na,O K,O H,0 
1. 7818 15°70 66 tr. 10 55 99-46 
2. 15°19 ‘Ol 15 (147 61 3°33= 99°33 
3. § 49°93 38°74 -- 144 44 T61= 99°95 
4. 47°95 40°82 1°67 177 7°79=100-00 

9. On the Hermannolite of Shepard, and on the Samarskite of 
North Carolina; by Prof. Detarontaine. (Letter to J. D. Dana, 
dated Chicago, March 23, 1877.) —I have recently made an exam- 
ination of some tantaliferous minerals of the United States, a brief 
account of which I offer now. Prof. Shepard sent me last sum- 
mer a sample of his hermannolite, in which I was able to find 
only a large proportion of niobic acid, about 16 per cent of tanta- 
lic acid, and very doubtfully a little titanic acid. In one of his 
notes on this subject Prof. Shepard insists upon the difference in 
specific gravity between hermaunolite and the niobite (columbite) 
from Brainard’s, Two facts account for that: Brainard’s niobite 
contains over 37 per cent of tantalic acid, as I ascertained from 
specimens kindly given to me by Mr. C. U. Shepard himself; 
furthermore, the crystals of hermannolite contain some foreign sub- 
stance in the form of yellowish crystals, which I could not sepa- 
rate from the mass they were imbedded in. 

In the Portland and Middletown (Conn.) columbites I found 
respectively 22°6 and 20 per cent of tantalic acid. A careful 
examination of the samarskite from Mitchell County (N. C.) has 
shown me that the brownish variety, with a less conchoidal 
fracture, looking somewhat like euxenite, contains about 25 per 
cent of tantalic acid, a small percentage of thoria and of didy- 
mium, in addition to the elements found by Hunt in 1852. The 
yttria includes also a little of the rosy earth with absorption 
—— called erbia by Bunsen, Cleve and others, and more of 
the yellow earth described by Mosander under the name of erbia, 
but which, in order to avoid confusion, I call terdia (giving up 
the name mosandria which I proposed three years ago). The 
existence of that base is still denied by Bunsen and Cleve, but 
their conclusions I am further than ever from accepting. A mon- 
ograph of its principal compounds will soon be published. All 
my endeavors to find Mr. Hermann’s i/menium in samarskite have 
proved unsuccessful as well as those of Marignac and Blomstrand, 
working on other material. 

[The account by Prof. Shepard states that the hermannolite was 
found at a locality near the house of Mr. Cook (a dealer in min- 
erals); but Mr. Cook informs us that there is no such locality, 
and that it must have come from the columbite locality, a mile 
distant from it.—Eps. | 
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1. On Right-handed and Left-handed Relations in Space.— 
The following is extracted from J. Clerk-Maxwell’s Treatise on 
Electricity and Magnetism, i, p. 23. “In this treatise, the mo- 
tions of translation along any axis, and of rotation around that 
axis, will be assumed to be of the same sign, when their directions 
correspond to those of an ordinary or right-handed screw.” “The 
combined action of the muscles of the arm when we turn the upper 
side of the right hand outward, and at the same time thrust the 
hand forward, will impress the right-handed screw motion on the 
memory more firmly than any verbal definition. A common cork- 
screw may be used as a material symbol of the same relation.” 
“'This is the right-handed system which is adopted in Thomson and 
Tait’s Natural Philosophy, $243. The opposite, or left-handed 
system, is adopted in Hamilton and Tait’s Quaternions.” 

It appears, therefore, that the view which “* A. Gray, Darwin, 
and Bentham” are blamed for taking, is regarded as the natural ° 
one by Clerk Maxwell, Thomson, etc., among the mathematicians 
and physicists. For avoiding ambiguity, “ Prof. W. H. Miller has 
suggested to me that, as the tendrils of the vine are right-handed 
screws, and those of the hop left-handed, the two systems of rela- 
tions in space might be called those of the vine and hop respect- 
ively,” Maxwell, |. ¢. This botanical illustration is readily 
understood, but is not altogether a happy one. By “the vine,” 
everywhere out of the United States, the grape-vine (as we call it) 
is meant. Now the vine-tendril hardly coils except when it has 
laid hold, and then, when half the coil is in one direction the 
other is necessarily in the reverse. And the hop has no tendrils: 
the meaning is that its stem in climbing moves from right to left, 
i.e, of the outside observer; while in the larger number of 
climbers (of which Bindweed, Convolvulus, etec., is the better 
type) the movement is in the opposite direction. But the terms 
“hop-system and vine-system” are obviously impracticable in de- 
scriptive botany. ‘“ With the sun” and “ against the sun”—the 
terms which Darwin commonly uses—might perhaps be made 
manageable in botanical description ; but the term heliotropic is 
used in a different sense atid connection, and anti-heliotropic for 
the counterpart is too long and awkward a word. utropie and 
antitropie might serve the purpose, and if agreed upon would do 
away with the ambiguity of the terms right and left, as affected 
by the position of the observer, whether within or without the 
circle or coil, Thus, in saying that the hop in twining “ follows 
the course of the sun,” it matters not whether the coil and the 
apparent path of the sun be regarded from the outside or from 
the inside. A. G. 

2. Observations sur Penroulement des Vrilles, par M. Casimir 
DeCanvo.tte. Extr. Archiv. des Sciences de la Bibliotéque 
Universelle. Jan., 1877. pp. 13.—The double turn of the helix 
in attached tendrils excited the author’s attention, but he finds, as 

Am. Jour. Vou. XIII, No. 77.—May, 1877. 
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would be — that this is a purely mechanical result and a 
necessity of the situation. He neatly demonstrates this, by allow- 
ing a tendril to seize by its free tip some solid object suspended 
from a thread, the torsion which takes the place of the inverse 
turns of the coil in the ordinary situation. The lower side of the 
tendril is always interior in the coil. This comes from the 
arrangement of its fibrous bundles, which form a circle only at 
the base of the tendril, but above this only an arc, open on the 
upper side; this upper cellular portion is accordingly more 
affected by turgescence and can grow longer than the lower. 
Tendrils which remain free are less vigorous than those which 
ain attachment ; vigor, as well as increased growth in thickness, 
is developed by use. The difference in the direction of the coil- 
ing, whether from right to left or left to right (or as we should 
like to say, whether ewtropic or antitropic) does not depend upon 
anything in their anatomical structure, but appears to be in some 
way determined by the plant. A series of experiments with de- 
tached tendrils floated on water, or with the cut end immersed, 
’ and’ with tendrils divided into pieces (which preserve their vital- 
ity and continue their action) show this; when fixed by one end 
and free at the other, or at least when fixed by the summit only, 
they coil nearly as often in one direction as the other. The 
elongation of the different portions of a tendril ceases first at the 
base; it regularly augments from base to apex. AWG. 

3. Date of the parts of Elliott’s Botany.—Referring to our 
note in the January No. of this Journal, it is worth recording 
that the first fasciculus actually ended, as was supposed, on p. 96. 
No. 5 consisted of pages 401 to 496, and bears the date of 1817, 
No. 6 contained pages 497 to 606, and is dated 1821. This in- 
formation is obtained from the inspection of copies of those parts 
in their original. state, and is obligingly supplied by Mr. F. B. 
Dexter, of the Yale College Library. A. G 

4. Union-Smut, by Prof. W. G. Fartow.—A pamphlet of 15 
pages, with a plate, extracted from the 24th Annual Report of the 
Secretary of the Massachusetts State Board of Agriculture, Bos- 
ton, 1877.—The smut in question is as yet unknown out of New 
England, and there it has not long been known; but of late it 
has done much damage to the onion-crop at Wethersfield, Conn., 
and in Essex Co., Mass. The fungus proves to be a peculiar spe- 
cies of the Ustilaginee, to which that of Indian Corn ( Ustilago 
Mayidis) and of Rye, ete., belong. This onion-smut is most like 
that of Rye, Urocystis occulta, and a figure of an affected rye-stalk 
is given in this paper aiong with that of the onion. The fungus 
of the latter was named, by Mr. Frost of Brattleboro, Urocystis 
Cepile ; but it is now for the first time described and illustrated 
by Prof. Farlow. The subject had, however, been taken up by 
“the microscopist of the Agricultural Department at Washington,” 
in the Report of 1872; but Prof. Farlow intimates—what we 
should have expected—that the account and figures there given 
throw no light upon the matter. The remedy suggested is to burn 
ever the fields where the smut has appeared, and not to raise onions 
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upon it again for three or four years at least. The smut is thought 
unlikely to be conveyed or introduced with onion-seed. A. G. 

5. Botanical Instruction at Hurvard University.—In the 
course of summer iustruction in science for 1877 (which com- 
mences July 6) both botanical courses are to be given at 
Cambridge. Formerly, while Prof. Goodale’s instruction in 
Phenogamic Botany was given at the Botanic Garden, that on 
Cryptogamic Botany, by Prof. Farlow, was given at the sea-side. 
This is now to be given at Cambridge, whence collecting excur- 
sions can readily be made to good points on the shore. As it 
may be useful to call particular attention to this unique oppor- 
tunity of obtaining a knowledge of the lower Cryptogamia, we 
copy the portion of the general circular which relates to Prof. 
Farlow’s course, Prof. Goodale’s course on Phenogamic Botany 
is already well known. But those who seek-information respecting 
it should apply for the circular issued by the University. 

“Cryptogamic Botany. The course will begin on Friday 
morning, July 6th, and continue six weeks. Microscopes and all 
necessary equipments are provided by the University, but stu- 
dents are expected to bring sharp razors, razor strops, dissecting 
needles, slides, and covering-glasses. No provision, however, is 
made for drying and preparing specimens other than microscopic. 
A knowledge of the rudiments of Phenogamic Botany is required 
of those taking this course, or in case of those wishing to pursue 
the subject in connection with Zoological studies, a practical ac- 
quaintance with the working of the compound microscope. A 
general course of lectures will be given upon the structure and 
development of Thallogens, and on one day of the week an excur- 
sion will be made either into the.country or to the sea-shore, 

Laboratory instruction will be given every day except Satur- 
day, and the method of examining Fungi and Algew and the man- 
ner of making microscopic preparations will. be taught. Lllustra- 
tions of the structure, and, as far as time will allow, of the 
development of the principal orders of Fungi and Alge will be 
afforded each student, and an opportunity will be given to become 
familiar with the more common moulds, blights, and with a few 
agarics. Students who have attended a previous course can pur- 
sue more in detail any branch of the subject they may prefer. 
Under certain restrictions, students may consult the extensive 
cryptogamic collections and library of the University.” 

We believe that the announcement may now be made that Prof. 
Farlow’s instruction in Cryptogamic Botany in the University 
proper, will hereatter be given at Cambridge, instead of at the 

ussey Institution at Jamaica Plain, a change greatly to the 
convenience and advantage of the students which this important 
course of study is likely to attract. Dr. Farlow was a pupil of 
De Bary and of the late M. Thuret. With the facilities now 
afforded, he should establish the school of Cryptogamic Botany 
in this country which has long been needed. 

At the Bussey Institution it is expected that a very full elemen- 
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tary course of instruction on Botany and Vegetable Physiology, in 
relation to rural affairs, horticulture, agriculture, ete., will be given 
throughout the year, by lectures and laboratory-teaching. This 
course will be conducted by Profs. Goodale, Farlow, and others. . 

6. Classification and Terminology in Monocotyledons, by 
Grorcrt Bentoam.—A paper of 30 pages, and with three plates, 
closing the 15th volume of the Journal of the Linnean Society, 
1877. An arrangement of the orders is sketched, which, being 
employed:in the Hora Austruliensis, will doubtless be adopted in 
the new Genera Plantarum, unless in the mean while reason 
appears for modifying it. They are grouped in four alliances, or 
cohorts, beginning with those bearing the most complete and dif- 
ferentiated flowers, thus: Alliance 1, Epiayn, with inferior ovary 
and mostly biseriate perianth. The four sections are based upon 
habit and the seeds, in'which rather more than usual rests apon 
the presence or absence of albumen. Hydrocharidew, aquatic 
plants, with regular flowers and exalbuminous seeds, begin the 
series. The Scitaminew, which tollow, by an awkward misprint 
or slip, are said to have ex-albuminous seeds. As they reall 
pois 5 in this regard with the fourth and larger section oak 
begins with the Jridew and ends with the Bromeliacew, they 
might as well be placed after the third section, which consists of 
the Orchidee and Burmanniacee. 

Alliance 2, CoroNarL&, with superior mostly syncarpous ovary, 
albuminous seeds and mostly biseriate perianth. Its first section, 
with perianth of both series petaloid [a character not withont 
exception], consists of the Liliacew and their allies, down to the 
Pontederiacee. Inthe list of suborders of Liliacew “ Agaver” 
has by accident been printed instead of Aloinew. A second group 
has the outer perianth calycine or none, and the inner petaloid; 
Philydracee, Xyridee, Commelynacee (but not Trillium). The 
third group has perianth of both series calycine, and includes the 
Juncee and Palme. 

Alliance 3, NupirLor#, with free ovary apocarpous, monocar- 
pellary, or rarely syncarpous; the perianth either none or reduced 
toa scale under each anther. Adismacewe are exceptional; but 
their association with Aroidew and Naiadacee seems natural. 

Alliance 4, GLUMALES, contains two groups; the first with ovary 
often more than one-celled, and ovule pendulous; Hriocaulonea, 
Centrolepidee, Restiacew, The second, with one-celled ovary and 
erect ovule, Cyperacee, Gramineew. The schedule is followed 
by a series of critical remarks and explanations. 

The homology of the parts of the blossom in Xyris is reviewed, 
and better interpreted; the two outer so-called perianth-seg- 
ments are shown to be bractlets; what was taken for a third seg- 
ment, within the two outer, is shown to be the representative of 
the whole exterior perianth, mostly caducous; as to the remain- 
ing or tubular perianth no conflict has arisen. 

e chief interest of the latter part of this paper is found in the ex- 
position of the homology and terminology of glumes, ete., in Cype- 
racee and Graminewe,—a just account of which can hardly be given 
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in a brief abstract. Mr. Bentham prefers to use the term glume 
in Cyperacee as well as in Grasses. While highly approving the 
systematic labors of Boeckeler, of Berlin, in the former order, he 
criticises some parts of his terminology and morphology. Mr. 
Bentham’s own conclusions correspond with those adopted in this 
country as to the structure in Cyperacew, As to Graminee our 
prepossessions were all in favor of Robert Brown’s view, adopted 
by Kunth and most agrostologists, so that little attention was 
aid to the view proposed in our author’s Handbook of the Brit- 
ish Flora. We have not room here to exhibit the proposed view 
and the aptly-stated reasons for its adoption. Suffice it to say that 
we are convinced by the latter, and that the adoption of this view 
will simplify the study of Grasses, and bring the homology of the 
gramineous spikelet into full accordance with that of Cyperacee and 
other orders. The exposition given is certainly well calculated 
“to enforce a principle generally admitted, but unfortunately too 
much neglected by speculative botanists, viz: that to be really 
useful, descriptions should, in clear and intelligible language, not 
only enable the reader to identify the plant he has in hand, but 
call his attention specially to those characters which may indicate 
its real affinities, the homologies of its parts, and any other rela- 
tions they may have. But for this purpose it is necessary that 
the author should distinguish descriptions of plants from theoreti- 
cal explanations, that he should, in terms the most capable of 
strict definition, describe only what the observer may actually see, 
not what it may be theoretically imagined he ought to see, reserv- 
ing his theories for comments upon what has actually been 
observed.” A. 
7. The Various Contrivances by which Orchids are fertilized by 
Insects ; by Cuartzes Darwin. Second edition. New York.— 
The first edition of this interesting work, which appeared in 1862, 
was reviewed at that time in this Journal, and served as the basis 
upon which to display the curious adaptations of some of our 
orth American Orchises. This second edition, to which much 
is added, has been reprinted by D. Appleton & Co. of New York, 
and so our botanists will soon be familiar with it. In a future 
number we propose to give some account of the volume, along 
with a forthcoming one upon a cognate subject by the same 
author. A. G. 


IV. AsTRONOMY. 


1. The New Star in Cygnus.—A, remarkable stellar outburst, 
similar to that which appeared in Corona Borealis in May, 1866, 
was first noticed by Dr. Schmidt, at Athens, on the 24th of No- 
vember last, at 5.41 p. M., in the constellation Cygnus, then near 
the zenith. The new star, when first observed, was of the third 
magnitude, and of a yellow color, near p Cygni, where Dr. 
Schmidt is sure that no corresponding object existed on the even- 
ing of November 20. The sky was overcast at Athens on the 
three following days, and most probably the outburst appeared at 
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its full brilliancy in the interval between November 20 and 24. 
At midnight on the latter day the light of the star was of greater 
intensity than that of 7) Pegusi, noted of the third magnitude by 
Argelander. Its position does not appear to be recorded in the 
usual catalogues of small stars; certainly not in those of Lalande, 
Weisse’s Bessel, Bode, D’Agelet, or in the Durchmusternng of 
Argelander. From an observation made by Mr. Hind at Mr. 
Bishop’s Observatory on December 13, its R.A. for 1876-0 is 21" 
36" 50°41, and its N.P.D. 47° 43’ 21'"5. 

Unfortunately, Dr. Schmidt’s discovery was not immediately 
communicated to the Astronomer-Royal or to any other English 
astronomer, although a telegram was sent to Dr. Littrow, at 
Vienna, and probably to other Continental observers. ‘The first 
information of the sudden appearance of the new star was received 
in England only in the second week in December, from the 

ublic notices inserted in the Bulletin International and Comptes 

endus. This neglect is much to be regretted, as there were 
eight favorable evenings at Greenwich before December 9, when 
spectroscopic observations might have been successfully made, 
and of these at least two were near the time of the star’s maxi- 
mum brilliancy. Principally for this reason, but also in conse- 
quence of almost continuous unfavorable weather afterward, very 
few observations of the star have been made in this country. 
When seen by Mr. Hind on December 13, it had receded to the 
sixth magnitude, and was without a trace of color. The observers 
in Paris were more fortunate in obtaining information, for the star 
was examined on December 2, during a brief interval of clear sky, 
by MM. Henry, Cornu, and Cazin, and estimated of the fifth mag- 
nitude. Under more favorable circumstances, on December 4, M. 
Cornu made some satisfactory observations of the spectrum of the 
star with the eastern equatoreal of the Paris Observatory, the 
magnitude on that day being estimated at 4:5. The spectrum ex- 
hibited eight detached bright lines on a luminous ground, with an 
almost complete interruption of the light between the green and 
the indigo M.*Cornu saw no dark lines; if they had existed they 
must have been very fine, and invisible owing to the faintness of 
the light. 

Naming the bright lines according to their intensity by the 
Greek letters a to 4, their positions in the spectrum, in relation to 
those of certain elements, may be readily seen from the numbers 
in the following table determined by M. Cornu :— 


Observed . _...-- 661 588 531 517 500 483 451 435 
(b mean) 
Chromosphere lines --- 587 447 


M. Cornu remarks as an interesting fact, but one requiring con- 
firmation, that there are several coincidences shown in the preced- 
ing table which have led him to the conclusion that the bright 
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lines in the star-spectrum correspond exclusively with the princi- 
pal lines in that of the chromosphere, and therefore that the light 
of the star possesses precisely the same composition as that of the 
Solar envelope. He says: “ But the most curious result, which I 
give here with much reserve, but which it will be very interesting 
afterwards to verify, is the coincidence of the line y, very bright 
in the spectrum of the star, with the green line A= 532 (1474 of 
Kirchhoff’s scale), observed in the spectrum of the Solar corona 
and in the chromosphere ; the feeble band 4 corresponds also with 
a band A=447 of the chromosphere; one is thus led to think that 
the line ¢ corresponds rather with the bright line of the chromo- 
sphere A = 587 (helium), than with that of sodium, 589. If this 
interpretation be correct, the bright lines of the spectrum of the 
star comprehend exclusively the brightest and the most frequent 
lines of the chromosphere.” 

The spectrum of the star has also been examined by Father 
Secchi, Dr. Vogel, and others, all of whom confirm generally the 
previous observations of M. Cornu. Several bright lines were 
seen by Dr. Vogel in the red, blue-green, and blue parts of the 
spectrum; bright bands were also visible in the yellow and green; 
but these may possibly be portions of a continuous spectrum seen 
bright by contrast with absorption bands, of which there were as 
many as eight or ten. ‘The blue and violet were brighter than in 
most stars with band spectra. The bright lines c, Fr, and p, were 
visible ; 6, however, was probably not seen bright, but a bright 
line on the blue side was noticed, which may possibly be identical 
with a line which under peculiar circumstances is the brightest in 
the spectrum of hydrocarbon. One seen in the violet may be the 
third line of hydrogen. Dr. Vogel remarks that there are three 
other stars in Cygnus giving quite unique spectra. 

By careful comparisons with several neighboring stars, Dr. 
Schmidt noted the gradual diminution in the intensity of the light 
of the star almost daily. The variations of magnitude are ex- 
hibited in the following table :— 


November 24 3°0 Magnitude. December 5 5°9 Magnitude. 
“ 25 3°1 “ “ q 6°3 “ 
296 “ ‘ 8 6°5 
“ 3°2 “ “ 9 6°6 
“ 28 3°8 “ “ 10 6°5 “ 
“ 29 “ hi 6°7 
“ 30-50 ‘ 6 

December 1 52 “ pe * 
“ 2 Lf “ “ 14 6 9 “ 
“ 3 56 “ “ 15 7 0 “ 
“ 4 


At the end of the year the star was still about the seventh 
magnitude, and of a decidedly orange color, with a reddish tint. 
— Monthly Notices Astron. Soc., Feb., 1877. 

2. Planets recently discovered.—The names, orbits, times of 
discovery, and names of discoverers of the minor planets found 
since the beginning of 1876, are given in the iilleving table. 


The orbits are from the circulars to the Berliner Jahrbuch. 
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PLANETS RECENTLY DISCOVERED. 


Time of Mean | angleof Long. of} Long. 

No. Name. Discovery. Discoverer. | Dist. | Eccent.} Incl. | Node. Per, 
° fi 

158/Coronis, (|Jan. 4, 1876 Knorre 2°9901,16 59) 1 23/282 49/355 10 
159| \emilia, 26, “ {Paul Henry. | 31253) 6 38 6 5/135 5/100 40 
160|Una, Feb. 20, “ /|Peters. 2°7542) 3 39) 3 32) 12 3/191 16 
161|Athor, Apr. 16, |Watson. 2°3760| 7 38) 9 10) 18 33/312 56 
162|Laurentia, |Apr. 21, “ |Pros. Henry.|3°0211! 9 6 3) 38 15/147 44 
163|Erigone, |Apr. 26, “ |Perrotin. 2°3507; 8 34, 4 41/159 93 17 
164) Eva, July 12, “ |Paul Henry. | 2°5525)18 42/24 77 27; 2 46 
165/Loreley, jAug.9, “ (Peters. 3°1286, 4 10/11 10:304 1/282 24 
166/Rhodope, |Aug. 15, “ | Peters. 2°719913 48/11 41/129 15; 30 52 
167|Urda, |Aug. 28, “ |Peters. 3218618 1 42/170 7| 32 39 
168) Sibylla, \Sept. 28, “ |Watson. 3°3781) 51) 4 35/209 5 43 
169 Zelia, |Pros. Henry.| 2°3580, 7 30) 5 31/354 35/326 35 
170 10, 1877.|Perrotin. 25510, 3 44/14 21/301 18) 98 37 
171 ‘Jan. 13, “ |Borrelly. 31472, 8 8) 2 30/100 54/151 21 
172 5, |Borrelly. 2:3795 5 46) 9 41/331 48/326 17 


To the planet (150) the name Nuwa has been given. The ob- 
servations of (149) Medusw and (155) Scylla were not such as to 
furnish reliable elements of their orbits. 

To the planets recently discovered might be added the two 
rediscovered by Palissa, viz: (66) Maia; (Sept., 1876,) not seen 
before since 1861, the time of its discovery by Tuttle, and (107) 
Camilia, (March, 1877,) not seen before since 1868, when dis- 
covered by Pogson. Of the first 140 planets between Mars and 
Jupiter, the following have been seen only at the opposition near 
the time of discovery, viz: (99) Dike, (125) Liberatrix, (132) 
Aethra, (137) Meliboca and (139) Juewa. The following have 
been observed at one opposition subsequent to the time of dis 
covery, viz: (66) Maia, (104) Clymene, (107) Camilla, (123) 
Brunhilda, (131) Vala, (133) Cyrene, (134) Sophrosyne, and 
(135) Hertha. Seven others of the 140 have been observed at 
two oppositions subsequent to that of discovery, and 120 at four — 
or more oppositions including that of discovery. H. A. N, 

3. Publications of the Private Observatory of Lord Lindsay, 
Dun Echt (Aberdeen).—V ol. i, of this series has just been issued 
in quarto form. It is privately (and extremely well) printed and 
has been liberally distributed to astronomers in Europe and 
America. Its title page well describes its contents:—‘“ A Sum- 
mary or index of the measurements (of double stars) in the ‘ stel- 
larum duplicium et multiplicium mensure micrometrice,’ F.G. W. 
Struve, 1837, and ‘Additamentum in F. G. W. Struve mensuras 
micrometricas stellarum duplicium’ (1837), including all the stars 
in the ‘Synopsis observationum de stellis duplicibus, in specu!a 
Dorpatensi, annis a 1814 ad 1824, per instrumenta minora per- 
fectum’ and in the ‘II. mensure micrometrice’—reirranged in 
order of R. A., and the positions brought up to 1875.” 

Each page contains thirteen columns and everything relating to 
each star is found in its horizontal line or in a foot note. Column 
1 contains Struve’s number, column 2 the page in Mens. Mie. 


A 
j 
| 


Astronomy. 399 


where the star is to be found, column 3 the synonyms, columns 4 
and 5 the R. A. and 6 for 1875-0, column 6 the lowest and highest 
magnifying powers used by Struve, column 7 the mean date of 
observation, columns 8 and 9 Struve’s distance and position angle, 
columns 10 and 11 give the magnitude and color of the ~— 
component A, columns 12 and 13 the same data for B.  Ap- 
pended is a table of the precessions in declination for ten years 
and a diagram from which the variable part of the precession in 
R. A. for ten years in minutes of time can be taken by inspection. 
Double star observers will find this a most useful and valuable 
work. . E. 8. 

4, La Luce Zodiacale, sue Leggi e Teoria Cosmico-Atmosfer- 
ica, dedotte dalle Osservazione di G. Jones, per il P. A, SerpiERt, 
D..S. P., Direttore dell’? Osservatoriv Meteorologico di Urbino. 
Palermo, 1876. 4to, pp. vi, 113, with 4 plates.—This is a reprint, 
from the Journal of the Italian Spectroscopists, of an elaborate 
memoir chiefly founded upon the observations of the Rev. George 
Jones, of the U. S. Navy, but with the use of many observations 
derived from other sources. The author, rejecting the now com- 
monly received theory of the Zodiacal Light, which attributes its 
luminosity to sunlight reflected from innumerable small meteoric 
bodies, comes to the conclusion that it is a purely terrestrial phe- 
nomenon, in the nature of an aurora, differing from the polar 
auroras merely in its having a particular fixed position and by its 
permanence. He supports this conclusion by a variety of argu- 
ments, prominent among which is the supposed occurrence of the 
auroral line in the zodiacal spectrum, as reported by a number of 
observers, and he considers the continuous spectrum seen by 
many other observers as a thing of mere occasional and fortuitous 
nature. Now, in point of fact, no one making systematic and 
continuous, observations for a length of time has always found the 
auroral line present, and the assumption of its presence in the 
spectrum of the zodiacal light rests chiefly on a few isolated 
instances, while on the other hand a continuous spectrum is 
always visible. Again he regards the polarization of the light, 
determined by careful observations of at least two persons con- 
tinued for a considerable period of time, as an accidental cireum- 
stance, and not as a permanent characteristic. The admission of 
the reality of this and the continuous spectrum would be fatal to 
the auroral theory, which even otherwise finds few supporters. 
Although the author’s conclusions may be questioned with good 
reason, the volume is a valuable contribution to the literature of 
the zodiacal light, bringing together as it does many excelleat 
observations, and containing interesting particulars respecting the 
physical aspects of this much discussed phenomenon, A. Ww. W. 

5. Comets in 1877.—There have been thus far this year three 
new comets discovered. a decided contrast to the barrenness in 
discoveries of the last four years. 

(1.) Borrelly at Marseilles found a telescopic comet Feb. 8th, in 
Ophiuchus, Approximate elements are, 7=174° 35’, Q=187° 20’,- 
1=153° 2’, log q=9-90712. 


‘ 
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2.) Borrelly discovered a second comet about the 6th of April. 

3.) Mr. Lewis Swift at Rochester, discovered on the evening 
of the 11th of April, a very faint comet in the head of Cassiopeia. 
The discovery was telegraphed the same evening to Professor 
Henry and to the Associated Press, but for some reason notice 
seems not to have been sent to Europe. This enabled Borrelly on 
the 14th to announce his later discovery of the same comet. 

6. Observations of Comets 1877b. and 1877¢. at the Observa- 
tory of the Sheffield Sci. School, made by W. Bees, H. A. 
Hazen, and T. A. Smrra.—Comet 1877). was observed here at 
the dates given below. At first it seemed a round nebulous mass, 
about 5’ in diameter, at first slightly but later more plainly con- 
densed at the center, clezrly defined on the side toward the sun, 
and fading very gradually in the opposite direction, though with- 
out any elongation that could be properly called a tail. But on 
the 21st, after a period of cloudy weather, the comet had become 
much brighter, with a well-defined nucleus. Two tails were also 
visible, one extending nearly west along a circle of declination 
about 20’, and one southwest making with the first an angle of 
about 60°, the whole forming a kind of fan-shaped tail. The fol- 
lowing observations were made with a ring micrometer con- 
structed by Professor Lyman. It differs from the usual form in 
that it consists of four concentric rings, the largest about a degree, 
the smallest about 8’, in diameter. By this arrangement any or 
all of the 8 circles can be used for comparisons, and selections may 
be made for the best observations, whether for R. A. or dee. 
Power=60. In absence of a chronograph, or of a clock in the 
tower, an assistant noted time from a portable chronometer. The 
names of the first three comparison stars are uncertain. 

New Haven m. t. (C—S), Aa (C—S), Ad Comp. star. No. Comp. 
hm m 8 
16 18 38 +2 17°86 —11 1915 43397 LL. 
15 46 31 +6 36°97 —18 52°90 43247 LL. 
15 26 5 +4 12°09 a 43417 LL. 
14 41 10° —8 889 — 9 4:25 43890 LL. 
15 26 8 —8 8:92 —12 44°90 43891 LL. ; 
6 54°50 44026 LL. 6 

Swift’s comet (1877c.) was seen here on the evening of the 12th, 
and the observation then made is perhaps the earliest exact meas- 
urement of its place. The comet appeared to be a faint elongated 
bit of haze less than 1’ broad and was 5’ or 6’ long. With powers 
of 40 to 200 (object-glass = 8? in.) no trace of nucleus was seen 
or other distinguishing mark. The comet passed centrally over a 
10 mag. star, which at first was taken fora nucleus. The place of 
this star was taken as that of the comet. The comet was again 
seen on the 22d of April. 

New Haven m. t. (C—S), Aa. (C—S), Ad. Comp. Star. No. Comp. 
m m 8 
2 —4 4332 +7 512 a 7 
2 —9 16°18 +11 02 1951 LL. 5 
22 1519 2 +2 40°00 —15 45:0 b 5 
App. place, Apr. 22, R. A. 2" 28™°5. Dec.+60° 185. w. B. 


April 12 
“ 
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V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Notes on the Appearance and Migration of the Locust in 
Manitoba and the Northwest Territories, Summer of 1875; by 
GrorcE M. Dawson. 18 pp. 8vo. (From the Canadian Nat- 
uralist.)—Mr. Dawson states that in 1875 the hatching of the 
locusts in Manitoba began in favorable places May 7th, and be- 
came general May 15th. The most northern locality was Mani- 
toba Lake, in latitude 51°. The movement began in July, and 
was most general during the latter half of the month and first of 
August; and the direction was southeast or south, the insects 
apparently using, by instinct, the winds that favored their pur- 

ose. Many were carried into a country of thick woods, where 

they did little harm, and few reached Minnesota. Others passed 
over Crookston, Polk County, Minnesota, and Fort Totten, Da- 
kota; and probably the Sioux City locusts, mentioned by Mr. 
C. V. Riley, came from Manitoba. 

Other swarms of locusts came from the south across the 49th 
parallel, with a wide front stretching from the 98th to the 108th 
meridian, which differed from the natives of Manitoba, inasmuch 
as they arrived before the latter were mature. These were “ the 
extreme northern part of the army returning, going northward 
and northwestward, from the States ravaged in the autumn of 
1874.” They appeared at Fort Ellice on the 13th of June, and at 
Qu’apelle Fort on the 17th; about Swan Lake House, their most 


northern point, J uly 10th. Fort Pelly, farther west, and nearly a 


degree farther south was reached July 20th. About seven days 
were occupied in the journey from the latter place to Swan River 
Barracks, a distance of only ten miles. 

Mr. Dawson concludes that the planting of belts of woodland 
would effect in time a general and permanent amelioration of the 

asshopper plague, since they usually avoid such belts,—their 
invading the forests in 1875 being perhaps due to the insects 
having “lost their reckoning.” 

The journey southward was regardless of the direction from 
which their parents had come the preceding year; and those of 
Nebraska, Missouri, Kansas and Texas, flew northward and north- 
westward, returning on the course of their parents which had 
flown southeastward from that quarter; and this movement ex- 
tended over an immense area from the northern borders of Texas 
almost to the Saskatchewan River. The normal direction of 
flight is toward the hatching grounds of their parents, so that two 
— seem to be required to complete the migration cycle. The 
act that the young, while amenable to the migratory tendency, 
show a determination to exercise it in a direction exactly the 
opposite of the preceding generation is most remarkable. 

As to prevention, the methods proposed are the cultivation and 
preservation of forest trees; the protection of the prairie grass 
until the appropriate time for destroying the young insects in the 
hatching grounds by fire; the protection of insect-eating birds. 
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2. The Telephone. — During the month of April, “telephonic 
concerts,” at which large audiences were present were given in 
Boston and Washington, through musical instruments played in 
Philadelphia. At both, the music, although rather feeble in tone, 
was distinctly heard by the audience in all parts of the hall. At 
the Washington concert, April 9th, eight airs, commencing with 
“Home, Sweet Home,” were listened to “ with profound attention, 
and the conclusion of each tune was enthusiastically applauded. 
The intonations were remarkably clear and perfect, exciting addi- 
tional wonder and astonishment.” ‘Professor Gray stated the new 
fact that the music (or electric waves of sound) was also conveyed, 
by induction, along other parallel telegraphic wires, attached to 
the same poles—a fact observed in the Washington office of the 
New York Associated Press, where a number of the tunes played 
in Philadelphia were distinctly heard on a “relay” used in the 
office, which had no connection whatever with the wire that was 
attached to the telephone. The tones thus conveyed, although 
not loud, were distinctly heard at a distance of several yards from 
the instrument.— NV. York Times of April 10. 

3. Scientific Expedition to the Rocky Mountain Region from 
Williams College-—A party, limited to about fifteen in number, 
under Prof. Sanborn Tenney of Williams College, will start for 
Colorado, Southern W yoming and Utah, immediately after the close 
of the college year, and return about the Ist of September. Ex- 
plorations will be carried on, and collections made in all depart- 
ments. It is expected that there will be instructors in different 
departments. Prof. Tenney was over the region three or four 
years since. 

4, Scientific Expedition and Summer School of Butler Uni- 
versity, Irvington, Indiana.—This expedition leaves Indianapolis 
and St. Louis about June 20th; and will go from there by rail- 
road to the Iron Mountain region and through Arkansas, to Dal- 
las, Texas, stopping wherever there are objects of interest to be 
seen or collected in Geology and Natural History. It will leave 
Dallas on the return about August Ist, and reach Nashville, 
Tenn., at the time of the meeting of the American Association. 
Dr. D. 8. Jordan, Prof. I. A. Myers, Prof. W. R. Dudley, Mr. E. 
R. Copeland and Mr. ©, H. Gilbert are the instructors to accom 
pany the expedition. Tuition $25.00 to be paid before starting. 
Each person will pay his own expenses and have his own collec- 
tions. Probable expense of railroad fare to Dallas and return, 
$50 to $65; board seven weeks about $35. “ Lady students will 
be received if five or more make application.” Applications 
should be made to Prof. John A. Myers, Irvington (near Indian- 
apolis), Indiana. 

5. Report of the Chief of Engineers to the Secretary of War, 
for the year 1876. In three Parts, making three thick volumes 
8vo, with many maps and plates. Washington, 1876.—Besides 
the details with regard to the surveys and improvements in riv- 
ers, harbors and lakes carried on, in the various States, the Report 
contains much of scientific interest. The report of General Q. A. 
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GitMorE on the Channel of the Entrance to Cumberland Sound 
discusses the formation and growth of bars. It states that the 
bar (Fernandina bar) at the entrance to this Sound, is seven miles 
long, and is made and changed from time to time, through the 
combined action of the winds and waves, and not by the sedi- 
ment of the discharging streams; that it is a combination of a 
drift-bar (formed by driftings of sands along the shores through 
wind-made currents), and a wave-bur (made by the waves), and is 
not a delta-bar (or one largely due to river detritus). 

Lieutenant Suir reports on the practicability of a Canal across 
Florida, with reference to a reservoir on the summit-level. He 
calculates, from the mean temperature of Florida (about 70°) and 
the dewpoint (55°), by using Dalton’s law, that the loss of water 
by evaporation would be 7°458 inches per month. In connection, 
he cites the fact that at London the .loss per month is about 6 in, 
(Dr. Halley); at Montmorenci, France (Mr. Cotte), 5315 in. for 
an ordinary summer month; at Languedoc Canal, 5°33 in. (Mr. 
Pinn); at Baltimore, 6°72 in. (J. J. Abert); at Morris Canal, 
6375 in. (Board of Engineers). The loss from filtration is made 
to be about fourteen times that from evaporation. He calculates 
that about one-fourth of the rain-fall can be made available—one- 
third being the usual allowance, in the more northern States, and 
40 per cent the result of the experiments of Mr. J. B. Jervis with 
reference to the Chenango Canal, New York. 

In addition to other sources of supply that of water of infiltra- 
tion is considered. Lieut. Smith found, on trials, that water 
stood in shafts in the sandy soil up to within five feet of the surface 
during the months of July, August and September, and into 
November, except portions of July and August, when it was 
about a foot higher; that the source could be relied on during the 
three following months; but from then until the rains begin in 
June, the country is too dry for water from this source. It is 
finally concluded that the amount that may be depended on from 
infiltration is more than half that available from the rains, and 
about two-thirds more than the canal would require. 

The Report contains also the valuable paper of General War- 
REN, on the Fox and Wisconsin Rivers, noticed at page 132 of 
this volume; Notes on European Surveys, compiled under the 
direction of General C. 13. Comsrock, occupying 90 pages, giving 
the organization of geological surveys as well as topographical, 
and scales of maps, etc., with plates showing style of work; also, 
the report of Lieut. WHEELER, of the geographical surveys west of 
the 100th meridian, a notice of which is deferred to another num- 
ber; the Report of Capt. Lupiow, already noticed on page 228, 
besides others. 

6. Height of “ West Hills,” Long Island—We have evidence 
that the height given by the Coast Survey for the “ West Hills,” 
383 feet, was based on determinations that set aside entirely the 
doubt expressed on page 235 of this volume.—Ebs. 

i. Strength and Determination of the Dimensions of Structures 
of Iron and Steel with reference to the latest Investigations. An 


s 
i 


404 Miscellaneous Intelligence. 


Elementary Appendix to all text-books upon iron and steel con- 
struction ; % Dr. Jacos J. Wryravon, Prof. Polytech. School at 
Stuttgart. Translated by A. Jay DuBois, Ph.D., Prof. Civ. and 
Mech. Engineering, Lehigh University, Penn., with an Appendix 
by R. H. Tuurston, A.M., Prof. Mech, -Eng., Stevens Inst. 
Technol., Hoboken, N. J. 210 pp. 8vo, with four lithographed 

lates. New York. 1877. (John Wiley & Sous, 15 Astor Place.)— 

r. Weyrauch’s work has special importance in this bridge-build- 
ing country. It treats of the method of dimensioning in iron and 
steel structures, explains Wohler’s important law, sets forth a new 
and improved method based on formule original with Prof. 
Launhardt and the author, and presents practical directions and 
various experimental results, a knowledge of which is essential to 
safe construction. ‘The translation was made by Protessor DuBois, 
at the request of the author. 

8. The Chemist’s Manual: A practical Treatise on Chemistry, 
Qualitutive and Quantitative analysis, Steechiometry, Blowpipe 
Analysis, Mineralogy, Assaying, Toxicology, &c., déc.; by HENRY 
A. Mort, Jr., E.M., Ph.D., &c. 625 pp. 8vo. New York, 1877. 
(D. Van Nostrand).—This work is a compend of chemical facts 
and principles. The author has shown skill in the selection 
of his materials, and has derived them generally from the latest au- 
thorities. Many useful tables are introduced, as of Trautwine’s 
specific gravities and weights; formule of frequently occurring 
substances arranged alphabetically; the table of alcohols in atomic 
series; poisons and antidotes, etc.; Mendelejeff’s classification of 
the elements, reproduced from Watts’s second supplement. Under 
quantitative analysis, are schemes and specific instructions for the 
analysis of the more frequently occurring commercial products, 
and in organic chemistry for wine, milk, sugars, both chemical 
and optical, with much that is not found condensed elsewhere in a 
form so conveniently accessible. B. Ss. 

9. Astronomical Myths based on FuammMartion’s History of the 
Heavens ; by Joun ¥. Brake, 432 pp. 12mo, with plates and 
wood-cuts. London, 1877. (Macmillan & Co.).—The title of this 
work hardly does it justice; for while containing astronomical 
myths, it gives in a popular way much of the early history of 
astronomical ideas, and something of early notions in geography. 
The chapters on the Pleiades is especially interesting, it bringing 
out much on the year and festival times of the ancients, and on 
the astronomical knowledge of the Egyptians and purposes of 
the pyramids. It has chapters also on the Zodiac; the origin of 
the Constellations; Eclipses and Comets; Astrology; time and 
the Calendar; and many other subjects, all of which are treated 
in a way to instruct and entertain. 

The Electric Bath; its medical uses, effects and appliances, by George M. 
Schweig, M.D. New York: G. P. Putnam’s Sons. 1877. pp. 134, 12mo. 

Lecture Notes on Elementary Inorganic Chemistry; by EK. 8S. Breidenbaugh, 
A.M., Prof. Chem. and’ Min. Pennsylvania College at Gettysburg. 172 pp. 8vo. 
Gettysburg, 1871. 

Interpolation and adjustment of Series; by E. L. DeForest. 52 pp. 8vo. New 
Haven, 1876. 
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